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* Feed forward control measures the disturbances in the process. .Il USES a contrg
variables so that the effect of disturbances on the controlled variable is reduceq

* Teed forward control acts in an anticipatory manner, while conventiong] f\"fxﬂlack]na{ed
compensatory manner after the disturbance has affected the system, mmmlaq
Feed forward configuration requires an accurate mcasure.mcnl of dislurbances. A |
relationship of disturbances and manipulated variables Wl-lh the controlleq Varigy, mar}m.
established. Due to these restrictions, feed forward configuration is implememed only ile‘ ha‘:’
defined processes. Schematic diagram of feed forward configuration js impleme Nt
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well-defined processes. Schematic diagram of feed forward configuration js shown
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Classification of industrial Controllers

Most industrial controllers may be classified according to their control actions as:

Two-position or on—off controllers
% Proportional controllers _
3. Integral controllers
4. Proportional-plus-integral controllers
5. Proportional-plus-derivative controllers

6. Proportional-plus-integral-plus-derivative controllers
Two-Position or On — Off Cdri?rol'Acrion. AP e -

In a two-position control system, the actuating element has only two fixed positions, which are, in many g

simply on and off. Two-position or on—off control is relatively simple and inexpensive and, for this Ry
very widely used in both industrial and domestic control systems. 41
Let the output signal from the controller be u (t) and the actuating error signal be e(t). In two-position ca

a
the signal u(t) remains at either a maximum or minimum value, depending on whether the actuating erm!]
IS positive or negative, so that

ut) =U,, fore(t)>0
=U,, fore(t)<0

. 5 : : o ion cof
where Uy and U, are constants. The minimum value Uz is usually either zero or —U;. Two-position €%

& A y s . . ~ < = cnch ocon
are generally electrical devices, and an electric solenoid-operated valve is widely used in such j
g

2 . ; . . .. and are 50
Pneumatic proportional controllers with very high gains act as two-position controllers and &
called pneumatic two-position controllers.

o
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Figures (a) and (b) show the block diagrams for two-position or on-off controllers The range th

actuating error, signal must move before the switching occurs
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e (a)

jock diagram of an on - off controller:
0

a
e (b) block diagram of an on - of f

controller with differential gap
. lﬁﬂl‘ﬂ‘""“l gap. A (.Il”Ll'Lllllill £ap 18 indicated in Figure (b). Such a differential pap causes tf
) to maintain its present value until the i byt

outpul u(t g o ' actuating crror signal has moved slightly beyond the
10 some Cases, the differential £2ap 1S a result of unintentional friction
ik

: _ and lost motion: however
il intentionally provided in order to prevent too-fre ;
o

quent operation of the on-off mechanism.

o ihe liquid-level control system shown in Figure (

a), where the electromagnetic valve shown in Figure
« for controlling the inflow rate. This v
Ay

alve is cither open or closed. With this two-position control, the
Jfow rate is either a positive constant or zero. As shown in Figure, the output signal continuously maves

athe two limits required to cause the actuating element to move from one fixed position to the other.
that the output curve follows one of two exponential curves, one corresponding to the filling curve and

xrto the emptying curve. Such output oscillation between two limits is a typical response characteristic
sem under two-position control.
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Figure Level h (1)-versus-t curve for the system

shownin Figure
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From Figure. we notice that the amplitude of the output aselliation ¢ reduced by ¢

\.cr =
: ‘ ; i >s the nu Q"
differential gap. The decrease in the differential gap, ho“ever,‘ e . mb?r oF on-ofy SWiteh:
=1 G e . nt. The magnltude of the dlfferentlal £ap muyst 1 .
minute and reduces the useful life of the component. - - st be dqﬁl
-~ o B omponent.
front such considerations as thie accuracy required and the lifizofithe gomp

Propertional Control Action. . : & ]
For a controller with proportional control action, the relationship between the output of the comro]]qm
the actuating error signal e(t) is |
u(t) = Kpe(t)
or, in Laplace-transformed quantities,
U(s)
—2 =K .
E(s)
where K, is termed the proportional gain.

Whatever the actual mechanism may be and whatever the form of the o

perate in power. the prop
controller is essentially an amplifier with an adjustable gain.
Integral Control Action R T GO 3
In a controller with integral control action, the va

lue of the controller output u(t) is changed 3“5
proportional to the actuating error sj gnal e(t). That is,

du(t)

T == Ke(t)

or

u(t) = K,J'e(t)d[

where K, is an adjustable ¢

gral controller is
Uls) K
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L nm't' Control Action
_ ﬂuS'n” rtional plus-derivative LOT“TU“LF is defined by
P ofapror

lion dL( )

g u(t) = Kye( dt

ransfer function s

_:_]8: KP(H-TJS)

- glled the Jerivative time.
L

ot ;’v}us-lmegml-Plus-Dcnwmve Control Action.

fion ofproporhoml control action, integral control action, and derivative control action is termed
mhinatt

Lplus-integral-plus- -derivative control action. It has the advantages of each of the three individual
fiond
ions. The equation of a controller with this combined action is given by

r

K e
u(t) = Kpe(t) + Tl IL( )dt K, Ty el E)

mnsfer function is

—(—}: Ll+——+TS)

I's
K .
lesTlhe Proportional gain, T is the integral E(8) KA+Ts+T1T,s) | Y@
t‘“S the derivative time., The block Ts -
4 proportional- -plus-integral-plus- '

is shown in i 1gure .

Figure: Block diagram of » proportional- -plus-integp

plus- derivative controller
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Classification based on

Classification based 0!

per they 1se s
jon controller

waliree e P are of electronic pneun,

. atig
thod of classificat

According to this m¢

hydraulic type. . _

: — v, whi

Air pressure signals used are 3- I.S pSIg » »
54 V DC signal conve

supply is 25 psig or 2 -t
1 . * o C 4
electrical to hydraulic . et . arc used to In

{han,s:{
e clectrical signal are 4-20 mA or v
; ; i

ers like pneumatic to electrical | CI“C‘fic-llt :
« 0 :

¢ with process control, loop elements, :

i

are of self actuating or powered type, m

Ep— — i
consumption of power suppl)

~ . L IS
According to this method of classification contro

® . - P o
1 bimets strip are examples of self actyne:.
e Float level control in tanks and thermostat with bimetallic bll’? ) ”t PI. oy fd(.tud!mg ¥/
cead in terms oller which describec :
e Industrial control instrument arc usually classified in terms of controller 1 describes (he elafion
between the controller and the error input. ' . : _ | :
e Depending on the type of controller , the control signal can either be continuous or dlSCUminuWi
further them as shown in figure.
Controllers
Continuous Discontinuous
controllers controllers
L Two-position Three-position multiposition
;
Peontroliers | controllers PLconthcrs Plcontrollers  pID
controllers
Classification of controllers based
On their modes of operation _
Terms for Controller: x S i
e=r-b
r + u
; — To Final
Controller  Control Element
b

Controller terms
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ve figure represents the controller in process control loop.
ﬂ *
N o is the input variable of the controller and output(u)is the output variable of a controller which
ymally expressed as a pereentage of full scale value .
n
,c,prcssul as a pereent of full scale:
' ' r-b

l',p = 7 100)
b ~b

e ran

where s and bare the maximum and minimum measured values of the controlled variable.
controller output expressed as a percent of full scale:
- (o
u=u

p=—"— x100
u -~

e men

U g AN Uprn AFC the maximum and minimum value of controlling parameter respectively.
rmp,l' ,-
A controller outpuls a 4-20 mA signal to control motor

speed from 150-590 rpm with lincar dependence.
Calculate the current corresponding to 310 rpm
ation:
we know
Sp= K1 So
150=4K +Spp =~ - (1)
590 = 20K + Sy ==--- (2)
Solving (1) and (2).
K=27.5 rpm/mA and Sy, = 40rpm
AL310 rpm, 1= 9.45 mA

ectronic Proportional Controller

o Implementation of the proportional mode

requires a circuit which has a response given by:
P=K,Ep+ P

Here, P is the controller output which varies from 0-100%,

K, is the proportional gain, i is the error
expressed in percentage, and Py is the cont

roller output when the error s zero,

If both the controlle At 2 s mnesesmd i 16T Y [
roller output and the crror are cxpressed interms o voltage, then the above equation

represents a summing amplificr, The op-amp cireuit n figure shows such an electronic proportional
comroller. )

Vfr,' ! }‘iiv'.’ t V.,
R.

Where Ky = I"I 5 the propontional gain, and V. is the error voltage,

ty
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