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EX.NO:
DESIGN AND SIMULATION OF SAMPLED DATA CONTROL SYSTEM
DATE: WITH DEADBEAT CONTROLLER USING TUTSIM

AIM

To design a deadbeat controller for a given process and to find the closed loop response of the,

sampled data system to a unit step change in the set point incorporating deadbeat algorithm.

THEORY

The block diagram of Direct Digital Control Loop (DDC) is as shown in Figure
change the closed loop response is given by
_HG,@D@) |, ®

()= 1+ HG ,(2)

sp (2)

Where HGp (z) =Pulse transfer function of the process with Zero

In DDC for a given step change in the set point t me response should be specified.

Then if HGp (2), Y (2) and Ys(2) are known we can sol ith respect to unknown D(z).

The transfer function of the digital controller is gi

Y(2)
D(Z) 1 * YSP (Z)
Yor(

THG,() 1 Y@ @)

DESIGN OF DEADB

CONTROLLER FOR A GIVEN PROCESS

(3)

(4)
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Figure 1. Block Diagram of Direct Digital Control Logp,
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Figure 3. Open Loop Step Response of the higher order process for the step input of magnitude “u”
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Substituting equations (3) and (4) in equation (2)

1 7zt

D(z)= HGP(Z)*l—z*l ©)

PROBLEM

Design a dead beat controller for the process

1

ith Sampling Time T=5 second
0.5s +1)(S +1XS +1X25 +1) Wi ampling Time seconds

GP(S)=(

DESIGN

First approximate the given process into first order plus dead time4 g process reaction

curve method. The block diagram schematic is as shown in Figure 2 and thg: £sponse obtained is as

shown in Figure 3.

The approximated first order time delay model is obtained from F is given by

le —-1.889s

Go () B (")

2.943s +1)
The pulse transfer function is given by

HG,(2) = Z[H(s) G, (5)]
where H(s) = zero order hold transf

H(s):(l‘:_s ]

HGP(Z):Z{

r fapction and is given by

| 1 * 1.8895
2943s +1)

) e—1.889s
Ts *(2.9435 +1)}

e T = 5 seconds

T=1.889

. 1.889

A =0.3778

m=1-A
m=1-0.3778=0.6222
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a0=1.5326

al= -0.2803
C =1.0 a2=0.0
a3=0.0
a4=0.0
CON a5=0.0
a6=0.0
]
- SUM ——® 7ZCC SUM
a0=0.7477
al=0.2523
a2=0.0 Ts=1.0
a3-0.0 1c=0.0

ZCC —p ZUD

k=1.0 k=1.0
Ts=0.5 Ts=1.0
1c=0.0 1c=0.0
FIO FlIO
Ts=1.0
Pz=5.0
Dz=0.0
ZDT
Figure 4. TUTSIM Block Diagram of Deadbea er for actual process
Cc =1.0

CON —|—>
- SUM SUM
a0=0.7477
al=0.2523
a2=0.0 Ts=1.0
a3=0.0 1c=0.0

ZCcC > ZUD

kY

K=1.0 Rp =0.001
Ts=2943 Ic =000

Td1=1.889 Ic=0.00

DEL ‘

Figure 5. TUTSIM Block Diagram of Deadbeat Controller for approximated process
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1
~HG @)= U=z Zm oy
»(2) ( z ) m|:s(2.9435 +1):|m—0.6222

_ (1_2—1)* zm %.943

_S(S * %.943)_ 06222

—(t-z*)*zm TR
_S(S +0.3398 )_ m=0.6222, a=0.3398
0.3398
HG, (@)= (t-2* *Zm{—}
P ) s(s+0.3398) m=0.6222,a-0.3398
We Know
—amT
Zm 2 -|-2-F
SS+a)| |z-1 z-e™
0.3398
HG, (@)= (t-2* *Zm{—}
P ) s(s+0.3398) mM=0.6222,a-0.3398

_ (1_ L 1 B (03398 (06222) (5)
71 7 _ o (033%)

o1 0.3475
= (1— z -
{z—l z - 0.1829 |
z —1[ 1 0.3475 ¢
z |z-1 z- :

1 (0.3475z -0,

75z % + 0.3475z

2

"+ 0.1646 )

pz(z” - 0.1829z )

0.6525z+0.1646
72 -0.1829z

_ 2(0.6525+0.16467°*)
~ 72(1-0.1829z%)

_ 0.6525+0.16462"

~ z-0.1829

_ 2*(0.6525+0.16467)
~ (1-0.18292%)
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-1
1 .,z

HG,(z) 1-z*
(1-0.18297") z*

D(z)= *
@) 2(0.6525+0.16467') 1-z7

D(2) (1-0.18297")
(0.6525-0.65257* +0.16467" —0.16467¢ )

m(z) (1-0.18297")

e(z) (0.6525-0.48797"—0.16467°)

0.6525m(z)-0.4879Z'm(z) —0.1646Z*m(z)=e(z) —0.1829%(z)z™

D(z2)=

Taking inverse Z-transform

m, = 0.7477m _, +0.2523m , , +0.15326e ,~0.2803e , , _

EXPERIMENTAL PROCEDURE
(i) Give the step input of magnitude ‘u’ for the given higher or s shown in Figure 2.

(ii) Obtain the process reaction (S- shaped) curve as s

(iif) From the process reaction curve find the steady state v ), t1 and t,where t;=time corresponds to 28.3%

of B and t,= time corresponds to 63.2%(
ert,is

s+1

(iv) Approximate the first order pl me model using the given formulae as G,(s) =

where Kp is the process gain, T is the ss time constant and tq is the process dead time.

U

hange insteady state value B

(8)

mplement the transfer function of the dead beat controller by using Z-blocks in TUTSIM for actual and
approximated process as shown in Figure 4 and Figure 5 respectively.

(viii)Analyze the response and comment on your results.
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THe closed loop response of a sampled data system to a unit step change in the set point has been obtained after

designing a dead beat controller.
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Figure 1. Block Diagram of Direct Digital Control Logp
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Figure 3. Open Loop Step Response of the higher order process for the step input of magnitude “u”
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EX.NO:
DESIGN AND SIMULATION OF SAMPLED DATA CONTROL SYSTEM

DATE: WITH DAHLIN’S CONTROLLER USING TUTSIM

AIM

To design a dahlin’s controller for a given process and to find the closed loop response of the

sampled data system to a unit step change in the set point incorporating dahlin’s algorithm.

THEORY

The block diagram of Direct Digital Control Loop (DDC) is as shown in Figur
change the closed loop response is given by '

. HG,@DQ) .
Y@=TThe () Ve (2)

Where HGp (z) =Pulse transfer function of the process with ze

In DDC for a given step change in the s iscrete-time response should be specified.

Then HGp (2), Y (2) and Ys,(2) are known we olve 1on (1) with respect to unknown D (z).

(2)

ith S ling Time T=5 g .
(0.55 +1)(s +1)s +1)(2s +1) Wit Sampling Time 1=5 seconds ©)
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a0=1.2523

al= -0.2291
C=1.0 a2=0.0
a3=0.0
a4=0.0
CON a5=0.0
a6=0.0
[
- SUM > ZCC SUM
a0=0.7477
al=0.2523
a2=0.0 Ts=1.0
a3-0.0 1c=0.0

ZCC —p ZUD

k=1.0 k=1.0

Ts=0.5 Ts=1.0

1c=0.0 1c=0.0

FIO FIO R
Ts=1.0
Pz=5.0
Dz=0.0
ZDT

Figure 4. TUTSIM Block Diagram of Dahli oller for actual process

SUM SUM

BRES
c000
OONN

1c=0.0

0
0
4
‘
: 1y

b ZUD

Rn=0.01
Td1=1.8890
1c=0.0

DEL —

Figure 5. TUTSIM Block Diagram of Dahlin’s Controller for approximated process
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DESIGN

First approximate the given process into first order plus dead time model using process reaction
curve method. The block diagram schematic is as shown in Figure 2 and the response obtained is as shown

in Figure 3.

The approximated first order time delay model is obtained from Figure 3 and is given by

le —-1.889s

Go () B (")

2.943s +1)

The pulse transfer function is given by
HG.(2) = Z[H(s) G, (5)]
where H(s) = zero order hold transfer function and is given by

(s

1—e T 1% epLeeos
HGP@):ZH’ s ](@94%+1J}

=@—21%z{

Sampling time T =5 se

m ;
2.943s+ l)} m=0.6222

-2 ")*zm 043
|58 * 72,943/, o6

[ 0.3398
| s(s +0.3398)

:(1—2‘1)* Zm

m=0.6222, a=0.3398

15
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Approximated Response

Actual Response

16

3Controller for Actual process and
ess
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0.3398
HG,(2)=(l-z")*Zm ——>"
@=0-2") mL(s+0.3398)

:| m=0.6222,a=0.3398

We Know

a 1 e—amT
Zm = —
SS+a)| |z-1 z-e™

0.3398
HG,(z)=[-z")*zZm —>
@=0-2") mL(s+0.3398)

:| m=0.6222,a=0.3398

_ (1 - 1 B g~ (03980 6222)(5)
7 _1 7 _ g 03395 )

_(_2_1{ 1 03475 }
z-1 z-0.1829

z—l[ 1 03475
Z

z-1 z-0.1829
1 (0.3475z - 0.3475,

z (22 - 01829z
z? - 0.1829z

0.3475z

_ 2(0.6525+0.16462 ")

22(1-0.1829z )

~ 0.6525+0.16462 "
z-0.1829

~ 2*(0.6525+0.16467 )
(L-0.1829z7)

1, (1-a)z” D

HG,(2) (1I-az)-(1-a)z ™Y

a=e ®*%9=0.1829

N =td/T =0 (N is the integral multiples of deadtime )

where g =e ("'

17
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D(2) = (z-0.1829) (1-0.1829 ) z
(0.6525+0.1646 z*) (1-0.1829 z*-0.8171z)

D)= (z-0.1829) 0.8171z"
~ (0.6525+0.1646 )| 1-z7

m(z) (0.8171-0.1495 7%
e(z) (0.6525-0.4879 2 -0.1646 z°?)

Cross multiplying ,
0.6525 m(z) —0.4879 z ' m(z)-0.1646 z > m(z) =0.8171 e(z) —0.1495 e(z) z

Taking inverse Z-transform
m, =0.7477m ., +0.2523m ,_, +1.2523e ,-0.2291e  ,

EXPERIMENTAL PROCEDURE

Give the step input of magnitude ‘u’ for the given higher order s as shown in Figure 2.

()
(i)
(iii)

Obtain the process reaction (S-shaped) curve as sho
t; and t, where t;=time corresponds

From the process reaction curve find the steady st
K, et

) (e
sing the given formulae as G, (s) ———

(iv)

(8)

he closed loop response it is observed that the dahlin’s response is similar to a First Order response

ith dead time. (Without any Oscillations)

RESULT
The closed loop response of a sampled data system to a unit step change in the set point has been obtained

after designing a Dahlin’s controller.

19
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Figure 1. Desired response characteristics
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Eiure 2. Block Diagram to obtain Open Loop Response
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EX.NO: DESIGN AND SIMULATION OF KALMAN’S CONTROLLER USING
TUTSIM

DATE:

AIM

To design a Kalman’s controller for a given process and to find the closed loop response of the sam

data system to a unit step change in the set point incorporating Kalman’s algorithm.

THEORY OF KALMAN CONTROLLER

To synthesis a digital control algorithm by Kalman’s approach, we place restrictio , instead

of usual C/R. Thus the derivation of the Kalman’s algorithm assumes a sp at is the system
response to a unit step input reaches the final value in two sampling ti emains at the final

value thereafter as shown in Figure 1. The expression for C (z) is

C) =c,zt+z%+z27°%+..

)

In order to accomplish this manipulated variable will assu ediate values and then assumes its

final value thereafter as shown in Figure 1.

M@ =m,+m,z'+m,z

(2)

@0f ¢, and m¢ equals the reciprocal of the process steady

f M equals the order of the process.

©)

= P@)
M(2)
R(2)

=(1-zH)Mm,+mzt+mz?+mz°+...)

21
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Process Reaction Curve
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Final Steady Input (V)
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0.9 B

o
@
T
I

e
a
T

%g
206f .
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5 o5 .
- 0.4 a
b — : T

s s
28.32% of B o2f i ]
% AR " T A
/7 \ Time (secs)
11=2.87 t2=4.832
Figure 3. Open Loop Step Response of the high ocess for the step input of magnitude ‘u’

C =1.0

-

SUM
k=1.0 k=1.0
Ts=1.0 Ts=2.0
1c=0.0 1c=0.0
- Flo Flo [

Figure 4. TUTSIM Block Diagram of Kalman’s Controller for Actual Process
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=m,+(m, —my)z" +(m, —m,)z"?
=0, +qlz_1 +q22_2
=Q(2)
Cl@) _P@)
HG,(2)=——=—+
M@ Q@)
Thus the coefficient in H Gp(z) must equal those in P(z) and Q(z)

2
D> P, =P, +P, =1and
i=1
iq — 0y +0, 40, =
i 0 1 2 K

i=0 P

er functions, but dividing by
hold good. Since P(z) and

These relationships do not generally hold good for the pulse t

sum of the numerator coefficients will ensure that both equati (5) aftl (

Q(2) are known, the control algorithm D(z) can be derived _

C(2)
D) = R(z) 1
1 C(2) | HG . (2)
R(2)
P@) Q@
@ =1 P(z) P@2) (7)

the process has a dead time of N sampling instants. In such case the

the appropriate number of zeros.

1
(0.5s +1)(s +1)s +1)2s +1)

G,(s) = (8)

Sampling Time T=5 second.

23
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a0=1.2238

al= -0.2238
a2=0.0
c=10 a3=0.0
CON a4=0.0
a5=0.0
a26=0.0
SUM Z.CC SUM
a0=0.7986
al=0.2014
a2=0.0 Ts=1.0
— Ic=0.0
7zCcC _.» ZUD
K=1.0 Rn=0.001
Ts=2.943 Td1=1.889
Ic=0.0 Ic=0.0
FIO peEL [
Ts=1.0
Pz=5.0
Dz=0.0
DT

Figure 5. TUTSIM Block Diagram ontroller for Approximated Process
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DESIGN

First approximate the given process into first order plus dead time model using process reaction curve
method. The block diagram schematic is as shown in Figure 2 and the open loop response obtained is

shown in Figure 3.

The approximated first order plus time delay model is obtained from Figure 3 and is given by

1 e—1.8895

Gel3)= (2.9435+2)

The pulse transfer function is given by

HG,(2)=Z[H(s)G, (s)]
1_ e—sT

where H(s) :(

1_esTY 1*p188%
HG,(2)= ZH s j((2.9433+1)ﬂ

HG,(2) = Z[H(s) G, (5)]
1_ e—sT

j =zero order hold transf

where H(s) = (

o0-d 5[

] = zero order hol

e—1.8895
s*(2.943s + 1)}

Sampling time T = 5 seconds

Ly

AT = 1.889
=889 43778
m =1-A

m =1-0.292 =0.6222

1
#HG @) ={L-27 ) Zm s
»(2) ( z ) mL(2.943S+1)L_0.6222

25
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:(1—2‘1)*Zm %.943
|S8F 72,943/ | o6

0.3398
| s(s+0.3398) |

:(1—2‘1)*Zm

m=0.6222,a=0.3398

0.3398
HG,(2) = [l-z)*Zm ——=__
@={-27) mL(S+O.3398)

:| m=0.6222,a=0.3398

We Know

a 1 e—amT
Zm = —
s(s+a)| |z-1 z-e™

0.3398
HG, (2) = {L-27 J*Zm ————"
P(Z) ( z ) m{8(8+0-3398)}m—o. 22

o~ (0:3398)(0.6222)(5)

. z°-0.1829z°
2(0.6525z +0.1646)

z(z2 - 0.18297)

0.6525z+0.1646
2? -0.1829z
~ 2(0.6525+0.16467°)
~ z2%(1-0.1829z?)
2(0.6525 +0.16467 )
(L-0.18292%)

HG; (2) =

NORMALISATION

For normalization add the numerator co-efficients then divide both numerators and denominator by the

added numerator co-efficient value.

26
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Added numerator co-efficient value = 0.6525+0.1646=0.8171

0.6525 0.1646

_+_
G@)= P(z) _ 0.8171 08171
Q(2) z 01829

0.8171 0.8171
P(z) _ 0.7986 +0.2014z
Q(z) 1.2238z —0.2238
~ 0.7986z * +0.2014z *
~ 1.2238-0.2238z *

_ Q@@
D) T 1-P(2)

1.2238-0.2238z7

D(z) =
@ 1-(0.7986z +0.201422)
@) - (1.2238-0.22382°%)
(L-0.798627* - 0.20142

miz)  (1.2238-0.2238z°
e(z) (1-0.7986z -0.201

m(z) —0.7986z"
Taking inverse Z-transform
m, =0.79
EXPERIMENTAL PROCEDUR:
i.  Give the step input for
ii.  Obtain the process rea

iii. From the process reaction
to 28.32% of Band t,=

m(z) =1.2238e(z) - 0.2238e(z2)z"*
14m,__, +1.2238e_-0.2238¢_ ,

er order process as shown in Figure 2.

haped) curve as shown in Figure 3.

ind the steady state value(B), t; and t, where t;=time corresponds
e corresponds to 63.2% of B.

K e—tds
p
s +1
ocess gain, T is the process time constant and tq is the process dead time.
ein steadystate value B

changein theinput U
(t, - t.) ©)

ikst order plus dead time model using the given formulae as G (S) =

Derive pulse transfer function HGp(z).

Obtain the digital controller D(z) as given in the design.

Implement the transfer function of the dead beat controller by using Z-blocks in TUTSIM for
actual and approximated process as shown in Figure 5 and Figure 6 respectively.

viii.  Analyse the response and comment on your results.

RESULT
The closed loop response of a sampled data system to a unit step change in the set point has been obtained

after designing a Kalman’s controller.
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Yp(s Ge(s) G(s) > etds

Figure 1(a). Block Diagram of Closed Loop System

Y(s)

>

V

Yspls Ge(s) G(s)

y

e—tds

Y*(s)

(1-e)G(s) [~

+

Y'(s)

agram of System with Dead time and Compensation Scheme

Figure 1(b)«Block.

Yep(s Ge(s) G(s) > et ——

Y*(s)

Figure 1(c). Block Diagram of System with Dead time Compensation
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EX.NO:
DEAD TIME COMPENSATION USING SMITH PREDICTOR ALGORITHM

SIMULATION USING SIMULINK

DATE:

AIM

1. To design a dead-time compensator using Smith Predictor algorithm.
2. To obtain the closed loop response of the given system (with large dead time) with and without

compensator.

THEORY

A conventional feedback controller would provide unsatisfactory closed lo

system having large dead-time, for the following reasons:

1. Adisturbance entering the process will not be detected until after a signific
2. The control action that will be taken on the basis of the last measure dequate because it
attempts to regulate a situation that originated before.

3. The control action will also take some time to make its effect
As a result of all the factors noted above, cons ad time is a significant source of
instability. Consider a simple feedback loop shown i

Gy(s) = G(s)e™

The open loop response to a change in se

Y(s) = Ge(s) {G(s) €} Y

loop feedback signal

This is made | If Y’(s) is added with Y(s) as shown in Figure 1(b) and Y’(s) is given by,

{(1-6") G(8)} GeYep(s).

Y (s) + Y’(s)

= [(1-€") G()} GeYsp(S)] + G(S)Gels) ™

= G(5)Gc(S) YSP(S) - €™G(5)Gc(s) Ysp(s)+ &' G(5)G(S)Ysp(s)

Therefore, Y*(s) = G.G(S) Ysp(s). Here the feedback signal contains only the current information as shown

in Figure 1(c).
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Kc =18

Ti=333 e—10
]
J »( }—»| PD > >Ry p L]
20s+1
Step PID Controller Transfer Fcn Transport Scope
Delay

Figure 2. Block Diagram of propesses without compensator

1
PID
J >@ »| PiDE) > — >Ry

Step PID Controller Transfer Fen Transport
Delay
-10
Kc =18 e
T,=333

]
> > D%(
20s+1

Transfer Fen2 Transport

T I T l T T T T
12 e i ..................................................................................................... .
| L T T o0 . R b
3 £ N
& ! s i : : : : : : :
3 ceh o S P NS N TS T TIE denrend i
v : : . : : : =
@ 2 @
] 7
bl .
£ , ' : :Response of the system without
OF IO 1 SO SO SR SUUP. T | - || —
: : : ¢ - - - :Response of the system with ;
P I I T S S— S -compensator - N— |
0 ! | 1 1 i i i 1 1 i
0 2 40 60 0 100 120 140 160 180 200

Time
Figure 4. Response of the process with and without dead time compensator
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The dead time compensator predicts the delayed effect that the manipulated variable will have on the
process output. This prediction led to the term Smith predictor. Perfect compensation is possible only if the
process model is perfectly known.
Dead time compensation is needed only when the ratio of dead time to time constant is greater than one.

The controller should be conventional PID or PI controller.

EXAMPLE
Demonstrate the effect of dead time compensation for the process given by,
G(s) = {e'®/(1/20s+1)}

Compare the response with and without dead time compensator.

PROCEDURE

1.  For the given process G(s) = { e™%/(1/20s+1)} check the pop response by randomly setting

different Pl controller values.
2. Obtain the closed loop response of the given. and without dead time compensator and
analyze the robustness. (Refer Figure 2 ang:3,
3. Analyze both the servo and regulat

comment on your result.

09t _08+20
Kpta . 1%10

Ti=3.33t3 = 33.3

me compensator using smith predictor algorithm was designed and the process was simulated
g Simulink and the closed loop response incorporating dead time compensator and without dead time

compensator was compared.
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TABLE 1. SYTEMS WITH INVERSE RESPONSE

1. Pure capacitive minus first-order response

G(s) = K, Ky _ Kyt — K1)S + K,
VTS TS+l S(Ss+1)
For K,t, <K, Zero = -K,/(K,t; — K;) >0

2. Difference between two first-order responses

Ky _ K, — (Kt — Kp11)S + (K; — K3)
,S+1 1,5+1 (t;S +1)(1,S+1)

G(s) =

For & > % >1 Zero= '(K1 - K>)/ (K1t — K,74) >0
2

T2

3. Difference between two first-order responses wi

Kie~T1S  Kye~T2S

two second-order responses

'3 K K
G(S) = 2¢2 - T T 2¢2 -
7,252 +256;1;S+1 1,252+ 248,1,5+1

6. Differences between two second-order responses with dead time

K,e ™S K,e %25

G(S) = -
) 17,282 +285,1,;S+1 1,252+ 26,7,5+1

Fork, >K,andt, >t, >0
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EX.NO: DESIGN AND TESTING OF INVERSE RESPONSE COMPENSATOR
USING SIMULINK

AIM

To design and implement a inverse response compensator for a given process using Simulink.

THEORY

Systems with inverse response are particularly difficult to control and require special attenti

INVERSE RESPONSE COMPENSATOR

There are two very popular ways to control systems with inverse response.,
1. PID Controller with Ziegler Nichol’s tuning.

2. Inverse response compensator.

1. SIMPLE PID CONTROL

From all types of feedback controllers only PID d effectively because of the simple

reason the derivative control mode by its nature A#i te the “wrong” direction of the system’s
response and will provide the proper correctivesacti t (never eliminate) the inverse response. The

general schematic diagram is shown in Fig

INVERSE RESPONSE COMP

]
¥SE RESPONSE FROM TWO FIRST ORDER SYSTEMS

K4 K>
‘515+1 Tzs+1

ows another possibility of inverse response. Two opposing effects result from two different

der processes, yielding an overall response equal to

V() = (S — =) ¥(s)

‘t15+1 Tzs+1

V(S) — ((K1T2—K2T1)S+(K1—K2)) f(S)

(T15+1)(T2 S+1)
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PROCESS 1

K
1,5+1
CONTROLLER
Gc(s) >
1,5+1
PROCESS 2

+ OuTPUT
Y(s),

FIGURE 1. CONVENTIONAL FEEDBACK CONTROLLER OF PROCESS W

RESPONSE

RESPONSE

v

- -
-----------

RESPONSE OF PROCESS 2

GURE 2. INVERSE RESPONSE
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We have inverse response when initially (at t =0+) process 2 which reacts faster than process 1 (K, /1, >

K,/ t,) dominates the response of the overall system.

But ultimately process 1 reaches a higher steady-state value than process 2 (K, < K;) and forces the
response of the overall system in the opposite direction.

Figure 3 shows the inverse response of the overall system.

Consider the feedback system of Figure 3. The controlled process exhibits inverse response

when,

T K
2>21>1
T2 2

The open-loop response of the system is

(K112—-Kp11)S+(Kq
(t1S+1)(T

Y(s) = G(s) (

It has a positive zero at the point,

— (K1—K3) >0
(K1T2—K371)

inate the positive zero of the above open-loop

i response Y (s) we add the quantity Y’ (s) given by,

1 1

- ) Vsp(s)

‘E1$+1 T2$+1

K

=Y(s) +Y'(s)

_ (Kitp — Kpty) + Kty — 1) + (Ky — Kp)\ o
= Gcls) ( (TS + D(T,S+ 1) )YSP(S)

K > (Kzt1-Kq12)
T (11-T2)

We find that the zero of the resulting open loop transfer function is non positive.

K _K
(K172—K,71)+K(T1-T3)

/=
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PROCESS 1

Kl
1,5+1
3 + OUTPUT
f(s) Y(s)
— >
1|
1,5+1
PROCESS 2

FIGURE 3. BLOCK DIAGRAM OF TWO OPPOSING FIRST - ORDER

CONTROLL | + OUTPUT
" Y(s)
_>

1,5+1

Y ()L \2Ft TS PROCESS 2

FIGURE 4. | K CONTROL OF PROCESS WITH INVERSE RESPONSE WITH COMPENSATOR
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Adding the signal Y’ (s)to the main feedback signal ¥ (s)means the creation of the local loop around the
controller as shown in Figure 4. The system in this local loop is the modified Smith Predictor and the

actual compensator of the inverse response.

1 1
G =K(==-——)
Compensator T1S+1  T,S+1

PROBLEM

Design an inverse response for the given transfer function.

_ 12 9
G(s) = 2S+1  S+1

PROCEDURE

1. Give the step input for the higher or
produced as shown in Figure 5.
2. From the process response fi
3. Find the PID controller setit

ary the gain until the sustained oscillation is

period pu and ultimate gain ku.
closed loop tuning rules)
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12
—»( -5 >
2s+1
Step Gain Transfer Fcn
» 2
Ll
s+l

Transfer Fenl

i

Figure 1. BLOCK DIAGRAM FOR CLOSED LOOP RESPONSE

%H PID
Stepl Pl Controlle

Kc=0.3
=2.865
Td = 0.7162¢

Transfer Fcn4

1
ﬁ} R

2s+1

Transfer Fcn5

Scopel

12
a > I
- 2s+1
Step Pl Controller Transfer Fc Scope
Kc=0.3
Ti = 2.865 9
Td = 0.71625 i
s+1
Transfer Fcnl
FIGURE 1. BLOCK DIAGRAM OF CONVENTIONAL FEEDBACK CONT PR SSWITH INVH

RO

Scope2
RSE RESPONSE
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CALCULATION

PID settings:
Ku=0.5; Pu=5.73
Kc=0.6 *ku

Kc=06*05=0.3

Ti= pU/2
T;=05.73/2 = 2.865
Tq=pu/8

T4 =5.73/8 = 0.71625

FIGURE.6 PROCESS WITH INVERSE RESPONSE /WITH INVERSE COMPENSA
1.2

1+

0.8+

0.6

0.4

0.2

0

0.2}

0.4}

-0.6
0 12 14 16 18 20
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SULT

The inverse response compensator of a given transfer function has been obtained.
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4 ~ Controller
Thyristor Output

b CSlcd

Relay

INSTRUMENTATION |
TC SECTION

[ A

(-
IR

!@ wiz  HC
I
I
|

Figure 1. Piping and Instrumentation Diagram of Air Te

REFERENCE CODE DESCRIPTION OF INSTRUMENTS
TC-1 FLECTRONIG:R '
TC-2
CR THYRISTOR CONTROLLED RECTIFIER UNIT
CS1&CS2 ANGE OVER RELAYS
DTI1,2,3,4 DIGITAL TEMPERATURE INDICATOR
M MANOMETER

REFERNEE COD DESCRIPTION OF THE PROCESS

BLOWER

MANUAL CONTROL VALVE

HEATING CHAMBER

POLY PROPYLENE TUBE

RTD SENSOR PROBES

ORIFICE

THROUGH BANANA TERMINALS

HEATING CONNRCTION THROUGH ON - OFF
HEATER CONNECTION THROUGH PID
THERMOCOUPLE
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EX.NO:
AIR TEMPERATURE CONTROL SYSTEM

DATE

AIM:

To obtain the closed loop response of the Air Temperature Process with P and PI

controller.

PROCESS DESCRIPTION

The Piping and Instrumentation Diagram(P & ID) of a closedloop air tempera
is shown in Fig.1. It consists of two sections as

() Process section

(i) Instrumentation section

The process bench consist of the following acces ower, cold air circulation
line with manual control valve and bypass valve,:

couple and process tube with RTD’s.

The blower is mounted at the inl ir circulation line. The blower discharges
air into the pipeline which is made of Glifube and the manual control valve (MV1) is provided to
control the air flow to the process

the air flow out. The function of M

anual control bypass valve (MV2) is provided to let
s to protect the blower against damage due to back

pressure.

The orifice 10 the cold air circulation line enables to measure flow rate of the air

1, S2 and S3).

instrumentation panel consists of the following accessories like PID controller, ON/OFF
controller, temperature indicators, U — tube manometer, main power supply switch, main circuit
board, auxiliary switches for individual instruments and heater, pair of banana terminals for
input and output signals of instruments and sensors .
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TEMPERATURE RTD-3 OUTPUT
PID INPUT EMPERAT!
/? T1 <_>\ + 5 - } Tgy
ON/OFF CONTROLLER INPUT OF TEMP
o o INDICATOR PID OUTPUT

\gm-z OUTPUT/

%ﬂ' OF THERMO ng

+ T3 - + T7 i
TEMPERATURE
INDICATOR. RTD-1 OUTPUT

N

+ T8 j'

Figure 2. Close

nnection diagram with PID controller

e I. Controller settings

K¢ (°C/mA) Ti(sec) Ta(sec)
1.137 -
1.024 209.79 -
1.365 315
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PRECAUTIONS
The following precautions should be taken care before turning ON the process

1. Manual Valve (MV1) should be half open. MV2 and MV3 should be fully open.

2. PID controller should be in manual mode

3. During start up sequence, first the blower should be turned ON and then the heate

should be ON.

4. To turn OFF the system, first the heater should be turned OFF and then the
should be turned OFF.

CALCULATION OF PID CONTROLLER SETTINGS

The general form of a first order process with dead time is give

G _ kpe—tds

|

where kp— process gain
T — time constant of the process
ty — time delay of the process

The mathematical model for Air te ure process is approximated to

1)

r Proportional plus Integral mode(PI)

T

= *
Kc=0.9 Kptd

45

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

Table2. Controlled Variable values for P mode

S.P= %PB = T = and Tq =
Time Temperature
S-No (sec) °C
Table3. Controlled Variable
S.P= %PB =
S.No Time (sec)

T%mprature%
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Ti = 3.33ty (3)

For Proportional plus Integral plus derivative mode (PID)

—qox_T
Ke=1.2 Ko lg

Ti=2*14

Ta=0.5*t4

Using the equations 1 through 6, the calculated P, Pl and PID' or the air

temperature process are tabulated below in Table 1.
CLOSED LOOP CONTROL OF AIR TEMPERATURE PR

The process medium used here is air. The temper; he air is to be controlled and is

allowed to flow through a polypropylene tube. The airsi

The temperature of the air is sensed b ensor (RTD-2) whose output  (4-
20mA) is given to the PID controller. The.egntrollég.gémpares this measured variable with its set

Triac driver in turn supgli
which is proportional to cont
to the heater e chamber temperature which in turn maintains the desired

temperature iato be controlled .

IMENTAL PROCEDURE
onnect the main power card to the incoming AC supply of 230 V/5A to enable
power supply to the equipment which will be indicated by the neon light.

Give the connections as per the closed-loop connection diagram with PID controller (P/PI
mode) termination panel as shown in Fig.2.

3. Select the control mode for PID control and accordingly connect T-1 (PID - input) to T-3
(RTD-2 output). Also connect the PID controller output T-10 in series with T-11 and T-12
as shown in Fig.2.

47

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

48

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

4. Switch ON the blower so as to enable the air flow to the process tube. Once the air flow
stabilizes (which can be observed in the manometer) one can proceed with  the

experiment.
5. Switch ON the temperature indicators.
6. Switch ON the PID controller (Ensure its in manual mode).
7. Set the Set point value and %PB and other values from Tablel.

8. Switch ON heater -1 and put the voltmeter knob in heater -1 position. Th n chan
controller from Manual mode to Auto Mode. g

9. Indication on the voltmeter shows that power is transmitted to the hea

10. Tabulate the controlled variable values for P and Pl mg and able.3

respectively.

11.  Plot the response of the process for various controII r mo
Fig.3.

Model graph is shown in

12.  Calculate the performance measures from t data for P and Pl mode and

tabulate the results in Table 4.

RESULT

The closed loop response of with P and Pl modes were studied for the air

temperature process and the perfogf measure was tabulated.

EXERCISE
1. What is manipulated ¥ariable, process variable and controlled variable?
2. What is the

ce between two wire and four wire RTD’s?
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Front panel

deg C degF
;) 10.00 50.00

Block diagram

? [ [BBL

1.80

Figure 1. To convert temperature value in Celsius to Fahrenheit
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EX.NO:

STUDY OF LABVIEW SOFTWARE
DATE:

AIM

To familiarize the Lab VIEW software and to develop suitable blocks using LabVIEW for th

given exercises.

INTRODUCTION TO LABVIEW:

various controls and indicators, while the block diagram typically includes functio inals and sub
VI’s.

An object in the front panel has its counterpart called a termin iagram. All controls
and indicators have their corresponding terminals in the block diagram. It portant to label the terminal
to identify them.

The toolbar serves as the user interface, providing diting and running the VI. It includes

It is easy to troubleshoot a y individual modules without affecting others. The Edit icon in

the front panel is used tg edit a

and white. Wires link,objects i the block diagram and the wires carry data. The thickness and color of
wire represent
unsigned in; fiplex numbers. Format allows the user to express the numbers using floating point
notation, SCi€ ation or engineering notation.

ble shooting a VI is necessary when the VI does not run because it has either syntax errors or

errors. Single stepping, break points and probes help the trouble shooting task.
The timers are useful in providing a time delay or marking time. The ‘tick count’ timer may be

used to time the operation, the ‘wait’ timer is useful in generating accurate time delays and the ‘wait until

next ms multiple’ timer can also be used to provide time delays or time between loop iteration delays.
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Front Panel

(A)

Block Diagram

[osL)—{Lo:

er nob

3L

Il to P Converter with Functional Bloeltsl

16.00 12.00] T

I to P Converter using Formula Node
F
@

F|ure 2. To convert current signal (4 to 20mA) to pressure signal (3 to 15psi)
(A) Front panel (B) Block Diagram
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An array is a collection of objects such as numbers, square LEDs, Boolean switches or other
objects. In a one dimensional array objects are placed along a straight line. A two dimensional array is
made up of rows and columns. In Lab VIEW an array can be made as an array control or array indicator.

A string is a collection of ASCII characters. Strings are used by Lab VIEW for text messages,

instrument control and for storing data to disk. A string control is used to pass string data to the bloc

diagram. A string indicator is used to display a string generated by the block diagram.

Waveform chart is used to display one or more waveforms. The data to be display
waveform graph must be in the form of an array. The X-Y graph is to plot mathematical funct
curves using the Cartesian co-ordinates. The special tools in the charts and graphs ar ure
and operate them.
disk. In Lab

isk or to retrieve

The text as well as data that the created VI generates can be saved to a fi
VIEW special procedures must be followed to write text or data to a fi

information from the disk.

EXERCISE-1
To convert a temperature value in Celsius to Fahrenheit.
SOLUTION

F=(C*1.8)+32

Multiply the Celsius value by 1.8

Use the functions on the function
STEP1

‘wiring tool’ from

click the

- Select ‘add’ block from numeric palette and drag it to block diagram. Output of ‘multiply’ block is
ected to one terminal of ‘add’ block and to another terminal, right click mouse and select ‘create

“ constant’ and enter the value 32.

On output terminal of ‘add’ block ‘create indicator’. So, Fahrenheit temperature value is indicated in the

front panel.
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Front Panel

(A)

Block Diagram

Block Diagram For Tank Level to Increase| Block Diagram for Tank Level to Decrease|

(B) (©)

Figure 3. 1
‘Rront panel (B) Block Diagram to fill the tank up to 100 from 0 feet
C) Block Diagram to drain the tank from 100 to O feet
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EXERCISE-2

To convert current (1) in the range 4 to 20mA to pressure signal (P) in the range 3 to 15 psi.

SOLUTION

P=3+((1-4)/16)*12

Select ‘add’, ‘multiply” and ‘divide’ blocks from numeric palette and configure as per exercise

Figure 2.

Another method to solve this exercise is by using formula node.
Select functions >> structure palette.

Drag formula node to block diagram. Select ‘connect wire tool’ and formula node right
click mouse and select “add input’, ‘add output’. Declare input as | and as P. Create ‘control’ and

‘indicator’. Pressure value will be displayed in the indicator.
EXERCISE-3

a) To fill the tank level up to 100 from O feet.
b) To drain the tank level from 100 to

a) Select functions >> stru

Drag “for’ loop to bloc i Give 100 as number of iterations. On the “for’ loop add 1 to

in from 100 feet. Time can be varied by using timer block. Refer Figure 3(b).
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Front Panel

Block Diagram

.

(B)

ure' 4. To increase the tank level to a desired set point and to decrease the level once
it reaches the set point.
(A) Front panel (B) Block Diagram
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EXERCISE-4

To increase the tank level to a desired set point and to decrease the level once it reaches the set point.

Configure blocks as shown in Figure 4 in similar way as in Exercises 1 to 3.

e LabVIEW software was studied.
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Set point

Process variable
Manual control

PID parameters

Options

Iteration
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EX.NO:
SIMULATION OF A TEMPERATURE PROCESS USING LABVIEW

DATE:

Aim:
To simulate a temperature control system using Lab VIEW software and to study the PID toolkit

accompanying Lab VIEW.

Introduction to PID control toolkit:

1. The PID toolkit adds sophisticated control algorithms to the instrumentation software dev
system.

2. By combing PID toolkit with math and logic functions in LabVIEW one can devel
control system.

3. The closed loop or open loop tuning procedures can be adopted.

4. The PID function implement wide range of PID control algorithms.

5. The PID control algorithms incorporate

- Bump less auto/manual transfer

- Anti reset windup

- Direct or Inverse action

- Manual output adjustments

6. The PID control strategies can be designed an s can be scaled from engineering units to
percentage. '

7. The National Instruments DAQ harg an be ntegrated with the system for real world control.

The PID control algorithm:

In the PID controller, the s is compared with the process variable to obtain the error.

1able filtering minimizes the effect of noise.

e controller output is limited to the range of specified controller outputs.
f

U(K) >= Umaxthen u(k) = Umax
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u(k) <= uminthen u(Kk) = Umin
One practical model of the PID controller is

uk) = KJ (B *sp-pv)+ LT |1/ (sp - pv)dt — Tqdpv;/ dt] + bias

where B is the set point factor and PVs is the value of process variable after filtering. The PID VI’s usé.an
integral sum correction algorithm that facilitates anti-reset windup and bump less transfer.
windup is the upper limit of the controller output, for example when 100% error immediately chan
the controller output starts to change appropriately in view of anti-windup feature. The

abrupt controller output changes when it is switched from manual to automatic mode

Reverse action is the normal controller mode in which controll
variable increases. Switching to ‘hold” mode or ‘manual’ mode freez
the input. All transfers are bumpless. These PID VI’s can be called fro

cycle time.

PID VI:

cause of the abrupt changes in the set point only filtered PV is applied to derivative action instead of
rror ‘e’ to avoid derivative kick.
ug(K) = -K; Tg/ At { PVH(K) - PVi(k-1)
Now the controller output is
U(K) = up(k) + ui(k) + uq(k)

where
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Up = Ks * e(K)

The PID software VI:
This VI calculates the analog value of the process variable and set point using PID algorithm. The

block diagram of a PID VI is shown in Figure 1.

Set point is the desired value for the process variable.
Process variable is the value of the feedback control loop.
Manual control is relative controller output value.

PID parameters are a cluster of Kc, Ti and Td where Kc is proportional gain,Ti is integr
and Td is the derivative time in minutes.

An ‘option’ is a cluster of 11 elements specifying optimal parameters for PID algor

SP low is the minimum value for process variable and set point.
SP high is the maximum value for process variable and set point.
OUT low is the minimum value for the controller output.
OUT high is the maximum value for the controller output.

Hold (F), when “true’ places the controller in hold mode. RE

© ok~ w0 -

Auto (T), if ‘true’ selects automatic control and
Bumpless transfer is used from auto to manual.
7. Proportional band(F), selects whether the rti e of the PID parameters input is proportional

gain or proportional band. '
8. Reverse acting(T), if ‘true’ selects r ion, the usual mode for controllers.
9. Beta is relative emphasis of distu n to set point tracking.
10. Linearity sets the linearity of error se, ranging from zero to one. ‘1’ gives a plain linear response,
while ‘0.1’ gives an a

11. dt(s) is the interval

roximatefy parabolic (square law) response.
s, @®which the VI is called.

Iteration is the c@ lQop iteration value.

Output is the control algorithm.

pblem:

mulate a temperature control system given by the transfer function

G(s)=Ke™ (ts+ 1)

Design a PID controller for the given process.
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Procedure:
1. Construct the front panel and block diagram as shown in Figures 2 and 3.
2. Enter the PID parameters.

3. Give a step change in set point.
4

Run the VI and check the response.

sult

Thus a temperature control system is simulated using Lab VIEW software.
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EXAMPLE LADDERS
1.To venfy NO and NC contact

2. To venfy AND logic

| | 7N
11 N
0000 0500
A N\
Al N/
0001 0501
If 0000 is high, 0500 is on

If 0001 is low, 0501 1s on

0000 0001 0500
i1 || £
[} 11 \/
|1 1A 0,5 Ql
1R A1 \J/
0002 0003

0502
N\
NS
0004
- O—
0503

To tum on 0503, make 0002 high,
0003 low and 0004 high

To venfy OR,AND logic
3.
0000 0003 0500
|| 1l 7 i
| || \
0001
||
11
0002
P
Al
0004
|
{H

To turn 0500 on, 0003 must be closed and

etther 0000 or 0001 must be closed or 0002
must remain closed or 0004 must be closed

#
[ ]
5,
’ BLOCKA
0000 0001 0500
| | | | 7N
| | W
s
1 |
11 11
BLOCK B

66

4.
BLOCKA
™ oooo ! "ooo1 ! 0500
1 1 |1 ! g ¢
I |l 11 I N
il il
L L
BLOCK B

6. To venfy Input prionty

|| g
11 L/
0000 0500
| 1 5
11 L/
0001 0500

Though the output coils are same, mnputs
are different but prionity 1s given to the
mnput that 15 given last.
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EX.NO:

STUDY OF PROGRAMMABLE LOGIC CONTROLLER

AIM

To study and familiarize the KV-16 (Keyence Make) ladder Builder software for PLC using
examples.

THEORY

Programmable Logic Controller (PLC) is basically an assembly of solid-state dig
elements designed to make logical decisions and provide outputs that were previously
electromechanical relays. PLC is used for the control and operation of manufacturin
and machinery.

Programmable controllers offer several advantages over conventiona
hard wired to perform specific functions. When requirement changes, th
But in case of programmable controller the hard wiring associated w
eliminated. PLC is small, inexpensive, provides solid state reliability,
expandability.

ptional relay control is
er consumption and ease of

The KV-16 contains 16 Input /Output modules, i.e. 1
PLC is programmed using Ladder Builder software and
communicates with PC using RS-232C standard interface.

es and 6 output lines. The KV-16
re (based on MS-DOS). The PLC

BASIC OPERATIONS USING LADDER BU
EDITOR:
The editor offers the following

Performs editing funct

Registers comments {o contacts and transfers them to a KV series CPU unit.

ms and transfer the converted diagrams to a PLC.

The maximum
only.

the keyboard or a coil in the current cursor position.

me of the KV available Symbols are

(M NO (Normally Open) contact input ---||--- (F3) key.

(i) NC (Normally Closed) contact input - - /H’ - - (Shift+ F3) key.
@iii)  NOCoil ---()---(F4) key.

(iv) NC Coil - - -()- - - (Shift + F4) key.
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7. Timer (on delay ) 8. To set and reset a coil

0ooo #00010
|1
11 iTUOI] F—
0000 0500
— To01 F— 11
#00035 i < SET>—
TO0O 0500
|1 {} 0001 0500
i || < RES >—
TOO1 0501
{ } @, Output 0500 remains on after vp
relay 0000 1s closed.
TOO0O preset value=1sec output 0500 off when 1p 0001
TO01 preset value=3.5sec 1s closed.

A timer 1s used to activate or deactivate a dewvice

after a preset time mterval
There are 2 types of timer, On delay and Off delay

timner.
£ B.”
9. One shot Logic 10a. Off delay Timer
0000 #00020 oppp 1000 0500
|} { T000 | | F3F @,
0500 T000 0500 0500 0000 #00020
—] + O— - —f—] 1000 }—

An Off delay timer delays tumning Off.
When 0000 is closed, timer T000 1s on. d y

. When 0000 1s closed, 0500 1s on.
EilierZseciB00 = onheever When 0000 1s opened after 2sec 0500 1s off

) A
10b.0Off delay output
0000
0500 ! e
{ —_— 28 le—
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SIMULATOR
The Simulator offers the following functions:

0] Confirms a program’s operation status in real time using the ladder monitor.

(i) Performs simulations using diversified execution methods such as continuous scan, continuou

step, one step and one scan.
(iif)  Provides easy adjustment of present values and current values of timers, counters and
as well as contact comments.

(iv) Sets and resets contacts forcibly.

The simulator can be started up by opening a ladder program created usi
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11a. On delay Timer 12a. Fhicker Logic
0000 TO01 #00020
0?90 #00020 11 X | TO0O
{ | :TUOO +_ [} 41 | |
¢ >— il { T001 |—
ost0
when 0000 is closed Timer is on. ()
After 2sec 0500 is on.
An On delay timer delays
turning On.
11h.0n delay output
12h. Flicker Output
0000 f——
0000 l 18 ON ON
0500
— 1§ - 0500
28
13 a. Counter (UP) 14. Counter (UP and DOWN)
—UDC000 —
0001 #00010 0??1 -
(Fre Ly ' 400010
C000 |1
| | 0520 i DW
I X
0003
| |
A counter 1s used to activate ] RES
i | o
g ‘ 11 {0
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PROCEDURE

1. Switch on the PC
2. Inthe C:\> type CD KVLADDER . The following prompt appears on the screen C:\
KVLADDER>
Then type “mnu” to enter into KVLADDER menu.

3. From the KVLADDER menu, select “Edit” option. In the “Edit” option, select “New Ladd
In that menu, type a name of your file with extension *.Idr. Then press “Enter” key to get
screen for entering the program.

4. Enter the program.

5. To compile and simulate the entered program, select “Save >> Compile >>
pressing “F1” key in the editor screen.

6. To simulate the program, give appropriate input and observe th
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13 b.Counter
10

C000 j j

0500

15. Multistep Counter

0001
| Coo2 |

| |
Y 0000

2002 Co02 #00020
|| <LDA——CMP> {} @,

||
A B
2010  psp1

16.Keep Logic

0001 —KEEP—
| | SET
0500
0002
g | | RES
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RESULT

Thus the ladder byif are for Keyence PLC was studied and verified.

aw the general block diagram of PLC & explain its function.

Give the advantages of using PLC over hardwired relay contact type controller.
3. Differentiate between ON-LINE and OFF-LINE programming

4. List few applications of PLC.

5. Name any 3 standard proprietary models available in the market.
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10

A g

;'_ - T /71
| NC ]
PLC Output | 1 H
Coil | s1 |
® L I S o I
+ 501 com | ‘\L| No |
S
| 13|
| N
Il I
T+ | [ |
Vo1 | 11 |
DC_ T 1l |
[}
| I |
| T
[ ]
| Il NC !
| [N ) 1
s AT
TN
I !’.\.&._
N
PLC Output I T 4 I
Coil | L |
® L T l | l
+ 502 com | } |
| 11 I
11
* IReh.v I I
2V —— I I |
DC — 1 N
1 '
| |
| 1
} |
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EX.NO: DIRECTION CONTROL OF A DC MOTOR USING
PROGRAMMABLE LOGIC CONTROLLER

AIM

To develop a ladder logic sequence using ladder builder software for a DC motor direction contr

problem and implement the same using Keyence PLC (KV - 16).

THEORY

DC motor.

PROBLEM STATEMENT

and S2 changes from 1 to 3 and 2 to 4, respectively. Due to this change in the contact, the
in the motor circuit will flow in the opposite direction from AA to A. This reversal in the direction

current makes the motor to rotate in the anti clockwise direction for 5 seconds.

This sequence is repeated until the stop Push Button is pressed.
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START STOP
| | |\| 7N\
[ 1 N \/
000 001 500
| |
I
500
| | I\ | e )
| 1 |\| \ ’
500 T0 501
N 400050
N {T000+—
400050
| | 001}
To Timer]
| | |
I |1 \J
500 T2 502
#00100
N |T002f
T3 Timer2
400100
| | 1003——
T2 Timer3

Figure.2. Ladder diagram for motor Control Application
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LADDER LOGIC

The ladder logic sequences fro the given motor direction control problem is as shown in
Fig.2. The hardware wiring diagram of motor with PLC is shown in Fig.1.

The timing diagram of the coil contacts and the output sequence is shown in Fig.3. Turning ON and OFF
sequence of contacts 501 and 502 are listed in Table.1.

EXPERIMENTAL PROCEDURE

Using the Ladder builder software , develop the ladder logic as shown in Fig.2. .
Set the necessary input voltage for motor(5V), relay circuit(12V) and PLC(24V).
Now connect the motor and relay circuit with PLC as per Fig.1.
Download the ladder logic to the PLC.

Execute the program in PLC and verify the results.

arwbd e
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501 502 Output
0 0 OFF
0 1
1 0
1 1
Tablel. Logic Table for Mo
~~
output
of 501
5 secs | | | | |
| | | | |
I ‘ I
| | I
s | . |
10 secs I !
Ik I | | I |
output |
sequence | '

Stop Stop

I ack |

Figure 3. Timing diagram of PLC output coils
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RESULT

The ladder logic sequen
Keyence KV - 16 and the results are

control of a dc motor is developed and implemented using

EXERCISE

hat is an intelligent 1/0 module

79

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

Step

1 1 1 1 l:l
—» — —» — » — [ —
s+1 s+1 s+1 s+1
Transfer Fen Transfer Fend Transfer Fen3 Transfer Fen2 Scope

Figurel.Block diagram to get open loop response

09

0.8

0.7

06

05

0.4

0.3

0.2

01

From the response

2 4 6 g 10 12 14 16 18 20

Figure 2 Mresponse for

, (s+1)*

°
ofjthe final value) =2.71secs
63.2: f the final value) = 4.857secs
(t2-t;) = 1.5%(4.857-2.71)=3.8secs

1 04 -1.288
— €

The approximated model is
3.8s+1

80

R

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

EX.NO:

PROCESS IDENTIFICATION USING LEAST SQUARE ESTIMATION

AIM

To identify the parameters of a linear discrete model for a given process using least square

estimation algorithm.

INTRODUCTION

System identification is the art and exercise of identifying the various process variab
underlying physical phenomena in a process (more often from a process data). The resul g ex
known as model.

Thus the model is a set of differential (or difference) and algebraic equations describe the

process behavior.

The need for process model arises in many control applicati of timing methods.

Process model are also needed in developing feed forward control al m, self-tuning and internal-

model algorithm.

1)
)
ne the parameter vector containing unknown parameters.
bz, bna: djp, do, ... ana]T (3)

ere are (n,+n,) unknown parameters.
Let us define NC as this total, so the vector has NC rows.

Let N=na, M=nb.
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file name:input.mat
wariable name:u file name:output.mat

sample time:0.01 wvariable name:y
sample time:0.01

W inputmat | cutput.mat
To File To Filed
1 1 1 1
»  — i o »  —
=+ =+ =+ =+
Step Transfer Fon Transter Fonl Transfer Fon2 Transfer Fon2

step time=0
initial walue=0
final walua=1

Figure 3.Simulink diagram for open loop response

MATLAB PROGRAM
loadoutput.mat;

loadinput.mat;

t=0:0.01:20;

yl=y(2,);

plot(t,y1)

z=[y(2,]) u(2,)T;
na=1;nb=1;nk=125;
para=arx(z,[na,nb,nk],[],0.01);
[a,b]=th2tf(para);
k1=b(1,2);
k1=(-1.0)*k1;
k2=1-k1;
k3=a(1,n
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Now suppose we have NP data points that give values of the output yn for known values of y,.1, Yn-

20 +-Yns Un, Un, .. Unaw.

The data could be grouped as follows.

yn yn—l L yn—N ul un—l I—un—M

values Values values  Values Values  Values
1 Yin Yina  Yian Uy, L Ui nm
2 Yon Yona  Yana Uz L Uz n-m
M M M M M M

NP yNP,n yNP,n—l yNP,n—N l"INP,n—l L l"INP,n—M

Our objective is to minimize the sum of the squares of the differences between actual

(Vi) and those predicted by our model equation (y, ) -

NP L
J= El (yi,n - yi,n)

NC equations i.e., NC unknowns. The solution is compac

0 = [ATA]'ATY
where matrix A (with NP rows and NC columns) and ctor (with NP rows) are defined to represent
the data points.

yl,n—l yl,n—2 L yl,n-N
y2,n—1 y2,n—2 L y2,n-N

6

A M M M ©)
Ynen: Ynernz L Ywenon

()

(@)

e first order process with dead time can exactly model the above process as

1.04e 2%

Cel®) =385 41

Let the first order model can be written in the form,
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1g=1.28

1.0591
| > >0y
4.06415+1 L

Step Transfer Fen Transport
Delay

> 1 I Scope

(s+1)*

Step1 Transfer Fen2

Figure 4 .Simulink diagram to verify the identified model with the original process

Figure 5 Estimated and Approximated model output
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ﬁz G,(S) = Kpe ™
u(s) P Ts5+1
_a ST
Let G, ()=

Where T — sampling period

The pulse transfer function of this process with zero order hold is

1_e—sT y kpe—tds
S ts+1

Z [Go(s) Go(s)] = Z{

Lettd=nk*T

nk=E
T

Z[G,(s) Gp(s)]=2"™ (1-27) Z{

kp__kp
s (s+1/7)
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TABULATION:
nk Kp td T Jmin
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1 1
=(1-zHz™kp 2| =-
( ) P L s+1/r}

—(1-7Y 7™ kp| L -2
(1-2%) Pl e

z-1 . |2%-ze™ 22 +2
=—=7 kp T
z | (z-1)(z-e77)
l_e—T/‘E
-nk
=z"k
p|:z_e_T/‘r}
Letb=¢™"
logh=-T/ht=- T
log b

ZW&WAMﬂ“@E%}

Z[G,(5)Gp(s)]=2"™ kp(1-b)
z-b

_¥(z)  kp(1-b)
NG =) = 7% @ )

Multiply numerator and denominat;

y(@) _ kp(1-b)z*
uz) z™(z-b)z*

Assume by = 0, we get the final value as,

-1
y(Z): HGp(Z): Z—nk (bO + bl Z_l )
u(z) 1+a,z

The discrete transfer function has three parameters that need to be identified; nk, by and a;.
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PROCEDURE

1. Obtain the open loop response of actual process Gp (S)(fig.1,fig.2).
2. From the open loop response, process parameters are estimated using Two point method.

3. Load the data files from the simulink environment to matlab editor and then execute the progran;

to estimate the values of a, b, nk.
4, Tabulate Kp, 7, t; and Jninfor various values of nk.
5. Select the Kp, t and t4 from table with the low J., criterion.
6.  Compare the identified model with the actual process using (fig.3) simulink.

of the estimated model.

RESULT
Thus the parameter of a linear discrete model for a give been identified using least square

estimation approach.

The identified model is =

The actual process is Gt
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PROBLEM STATEMENTS

1. Switch on the lamp using Tag Name directory.

Figure 1: SCADA Mimic for Problem 1

2. Using the window script repeat the same example above.
3. Using symbols from the Symbols Factory develop a mimic to do the foll 0 sig scripting:
i. Start the process using a switch.
ii. Increase the level in the Tank and indicate the level Analog Meter and a Tag Name

Display unit.

iii. Stop the process when the level reach

90

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

EX.NO:

STUDY OF SCADA SOFTWARE

AIM

Study and implementation of Intouch wonderware SCADA software for a batch process.

SOFTWARE REQUIRED

SCADA Intouchwonderware software

INTRODUCTION TO SCADA

level. As such, it is a pure software package that is positioned on top of
in general via Programmable Logic Controllers (PLCs), or other
SCADA is a term that is used broadly to portra and management solutions in a wide
range of industries. Some of the industries wh S used are Water Management Systems,
Electric Power, Traffic Signals, Mass Environmental Control Systems, and
Manufacturing Systems.
There are many parts of a w
hardware (input and output), con works, user interface (HMI), communication equipments and

software. All together, the term SEADA réfers to the entire central system. The central system usually

yed to a human that is able to interface with the system to override settings or make changes

necessary.
A SCADA system includes a user interface, usually called Human Machine Interface (HMI).

The HMI of a SCADA system is where data is processed and presented to be viewed and monitored by a

human operator he supervisory control system is a system that is placed on top of a real-time control
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Figure 2: SEADA Mimij€ for Problem 3

4. using the symbol factory utility, Jeve imic for the following.
i. Have a Start/Stop'g |
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system to control a process that is external to the SCADA system (i.e. a computer, by itself, is not a
SCADA system even though it controls its own power consumption and cooling). This implies that the
system is not critical to control the process in real-time, as there is a separate or integrated real-time

automated control system that can respond quickly enough to compensate for process changes within th

time-constants of the process.

A SCADA system is composed of the following:

Field Instrumentation
Remote Terminal Unit (RTU)
Communications Network
Master Terminal Unit (MTU)

A w0 DD oE

1. Field Instrumentation

It refers to the sensors and actuators that are direc!

process status and actual value of p . They communicate with the control center at the

lowest level of control hierarchy.

2. The Remote Terminal Unit
ote plant and controlled by the central host computer. This can be a

a PLC. It gathers information from their remote site from various input

munications Network

"It is the medium for transferring information from one location to another. It is quite possible that
y8ystems employ more than one means to communicate to remote sites. SCADA systems are capable of
communicating using a wide variety of media such as fiber optics, dial-up, or dedicated voice grade

telephone lines, or radio.
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ix. When the level reaches"a Set value, Stop the pump and start the Heater.
e tem@rature of the Fluid reaches a Set value, Stop the Heater and Open the
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5. The Master Terminal Unit (MTU)

It refers to the location of the master or host computer. Several workstations may be configured on
the MTU, if necessary. It uses a Man Machine Interface (MMI) program to monitor various types of data

needed for the operation. Input to the system normally is initiated from the operator via MTU’s keyboar

The MTU monitors information from remote sites and displays information for the operator.

relationship between MTU and RTU is analogous to master and slave.

A typical master unit consists of a base processing unit, operator interface, powe
input/output cards/relays, enclosure, battery backup, wiring terminals, lighting protection, gramming

and startup.

FEATURES OF SCADA SYSTEMS

The SCADA system ca

automatically reconfigure new “

range of different telemetry systems.

rm functions
It can use voice recording to communicate alarm conditions over telephones, pagers, two-way
radios, or public address system. Remote Computers can dial into the SCADA system by modem and

troubleshooting can be done remotely before traveling to the site.
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Figure 3: SCADA
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SCADA SOFTWARE

window maker and window viewer.

Intouch features

distributed alarm systems

distributed history

dynamic resolution conversion

dynamic reference addressing

network application development

factory focus

connectivity with more than 300 DDE servers
easily networked with wonderware net DDE
low cost process viewer solution

real time application process viewing

64 real time analog and discrete tags

Intouch program groups

editors.

Intouch is the quickest and easiest way to create man-machine interface applications for the

Microsoft windows operating systems. The Intouch software consists of two major components-

His data runs the utility that acts as a DDE server for Intouch encrypted historical log files
.LGH). His data is used with Intouch to retrieve requested historical data from the log file and if

required converts it to a comma-separated variable (.CSV) file for use with spreadsheets or text
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SCRIPTS FOR BATCH PROCESS

Tag Names Used

SW - switch to turn the process ON/OFF
Imp — Lamp

pmp — Inlet Pump

out — Outlet Valve

heat — Heater

lev — Level in the Tank

temp — temperature of the fluid.
Window Script:

if sw==1 then

Imp=1

if level <=5 then
pmp = 1;

out = 0;
heat = 0;

endif;

if level > 95 then

pmp = 0;
out = 0;
heat = 1;

else

if out = =1 then
temp = 0;
lev=lev-1;
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Tag name data dictionary

The tag name data dictionary (runtime database) is the heart of Intouch. At runtime it
contains the current value of all of the items in the database. In order to create the runtime database,

Intouch requires information about all of the variables being created. Each variable must be assigned

a tag name and type. Intouch also requires additional information in order to be able to acquire the
value and convert it for internal use. The tag name data dictionary is the mechanism used to enter

this information.

Tags in wonderware and its types

A tag may be considered as a source of information from the real time
DCS, single or multi-loop controller or equipment. A tag typically may b
analog output.
Memory type tag-names

These exist internally within the Intouch application. used for creating system

constants and simulations. There are four memory types.

> Memory discrete —internal d with a value of either 0 or 1

> Memory integer —a 32 leger value between 0 to 2147483647

v

Memory real — f memory tag name the floating point value  between

+/- 3.4 E38

> Memory message - text string tag name that can be upto 131 characters long.

iflg capabilities allow you to execute commands and logical operations based on
“met for example a key pressed a window being opened, a value changing etc. By

e variety of customized and automated system functions can be created.

Application scripts

Window scripts

Key scripts
. Condition scripts
. Data charge scripts
. Touch push button action scripts
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else

if heat = =1 then
temp = temp + 1;
endif;

endif;

endif;

else

100

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

MIMIC DEVELOPMENT
Mimic screen development is an animated representation of the process undertaken. The mimic

helps the user to get acquainted with the process and its working can be visualized by initiating the process
in mimic screen itself. This type of developing mimics makes the job simpler for the use as he can control

the process, verify the sequential execution of the same and also visualize text displays that tell about th

current status of process.

Developing the mimic for the process depends on the P&I diagram and the process writ

locations.

ESULT
A basic mimic is developed for a temperature process and it is simulated in the

intouchwonderware environment.
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Figure 1 General Blo
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EX.NO:

PC BASED CONTROL OF SIMULATED PROCESS

Aim
0] To study and interface PCS with personal computer.

(i) To obtain the closed loop response of a first order system (or for a given process) using
PID algorithm

APPARATUS REQUIRED:

Process control simulator, VMAT - 01 [ADC/DAC - ADD ON CARD], PC[PC-
chords.

THEORY:

The transfer function of the process is given by

digital system.

# The ADC allows the digi
of the process]. The digital system

# The DAC allows t

(process control simulator)
Position form algor

@

0 o DT

+—serror| + bias
Ti

-> sum of the errors
------ > error at kth instant
m(k) ------ > controller output at k th instant

Tq ---—-—---- > Derivative timeT; ----------- > Integral time.
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Step1

Vi_Read

PROCESS CONTROL

5/255

g

PID Controller

Scope 1

128

switching freq

Constant 10

Constant 12

Figure 2.Simulink diagram of

Constant 11

104

Vi_Write

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

INTRODUCTION TO VMAT-01
In every educational field most of them are familiar with matlab because it is the environment to
develop any algorithm easily. Our real time MATLAB interface card(VMAT - 01) that allows you to
interface with MATLAB for controlling real time applications. We can implement our required closed
loop algorithm by using MATLAB Simulink tools like PI, PID, FUZZY logic,etc.,
The VMAT - 01 Controller is specially designed for Real time interface for MATLAB sim

Orcad simulation software. Based on advanced Risc Micro controller, a useful tool for resea
interface their hardware with MATLAB to research in the fields like process control loop, D
converter, DC motor controller, control Engineering etc., if we want to design this typ
algorithms in any digital controller or some other controllers it is so difficult than M/
real time interface card (VMAT - 01) wecan gather real time signals and define o ol technique in
MATLAB then transfers the control signals to real time application. ‘
FEATURES

* dSpic- Micro controller Based Controller.

* Can be used for instrumentation PID control Applications.
* Can be used for Power Electronics, DC-DC Converter, DC Mo
* Single Channel ADC Input (0-5V).
* Single Channel DAC Output (0-5V).
* 2 Channel PWM Output (250 KHz).
* PC Interface Through RS232.
*+5V DC Operation.

FRONT PANEL DESCRIPTIO}
Serial Port Interface - Interface PC

5V Adaptor - To give supply t

ol Applications.

AT - 01 unit through RS232 cable.

NICATION

Using serial port we can communicate our real time interface card (VMAT - 01) with MATLAB.
or transmitting and receiving the data from the mat lab we provide some libraries. For receiving data
from real time application use the vi read block. To transmit the control data to VMAT -01 card use the vi

write block.

105

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

RS 232
INTERFACE

5V SUPPLY

» GND

» PWM OUTPUT *

» PWM OUTPUT 2

» DAC OUTPUT (O

“ Front Panel Diagram
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VI_READ

The ADC input of the VMAT-01 real time interface card can be gather into MATLAB as a output
of VI_READ. The value of ADC input range 0-5V is proportional to the vi_read output integer value of
(0-255). For example when we give 5V as a ADC input then the output of vi_read will be 255. By using

this proportionality we can configure the real time data in Simulink Environment.

VI_WRITE
Above figure of vi_write is used to transfer the data to our VMAT-01 card. The main thi

need to define our switching frequency (switching Time) of the pulse width modulatig

DAC terminal is used to control the output voltage of digital to analog converter from VM

255 data = 5V
For 1v output
= 255/5.

=51

For getting 1v output we have to give the input4 as 51.

Procedure

1. Calculate the controller parad given process using synthesis formula Kc=tc/Kr; Ti=tc
where tc=closed loop time consk
Connect the RS23

Connect the 5V g

d t=0pen loop time constant of process.

with the PC and VMAT-01 real time MATLAB Interface card.

rial

ply to the VMAT-01 real time MATLAB interface card.
Give your fggdback e to the ADC terminal. That must be in 0 - 5V range.
®m the VMAT-01 card.

Simulink diagram as shown in figure2 and execute it for various values of setpoint

o v woN

d comment on the results

hus a simulated process in PCS is controlled by using VMAT -01 card from PC.
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Membership Diagrams

Membership
value (1)

-1 -05 00 05 1

Figure 1. Membership diagram for error.

—

Membership
value (1)

o
4

-1 -05 00 05

Figure 2. Membership or change in error.

NB NS Z P8 PB

value (1)

Membership

A

-0.01 -0.005 0.0 0.005 001 Au

Figure 3. Membership diagram for change in output.

Tablel.FAM (control rules) table

Ael NB NS Z PS PB
NB NB NB NS NS Z
NS NB NS NS Z PS
Z NS NS Z PS PS
PS NS Z PS PS PB
PB Z PS PS PB PB

108

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

EX.NO:

STUDY OF FUZZY TOOL BOX AND DESIGN OF

Date:

AIM
1. To study the features of fuzzy logic toolbox.

2. To design a PI like Mamdani-type fuzzy logic controller (FLC) for

-25

the given process G(s) = )
g P ©) (15s+1)

THEORY

The main paradigm of fuzzy control is that the control algor
based algorithm, described by methods of fuzzy logic. The fuzz
kind of expert knowledge-based system that contains the cot
rule-base. The knowledge encoded in the rule-base is deri

nceptually different from
ning converts the knowledge
embedded in the rule-base (IF-THEN rules
Keeping this in mind, a Pl like FLC is design
process and its performances are comp.
operation of FLC can be explained,s

sing fuzzy logic toolbox for the given
hat of conventional Pl controller. The

tput is a crisp quantity, it can be fuzzified into a
nsidered as the fuzzy input to a fuzzy controller,
he output of the fuzzy controller is then another series

If the measur
fuzzy set. This fuzzy outp

efuzzified) control-output values then become the input values to
ahd the entire closed-loop cycle is repeated.

FLC describes with the aid of fuzzy IF-THEN rules the relationship between
ge in the control output Au(k) = u(k)-u(k-1) on one hand, and the error e(k) and its
Ae(k) = e(k)-e(k-1) on the other hand as given by

Au(k) = F(e(k), Ae(k)) 1)
The internal mechanism of the FLC translates it into a mapping:

Au(k) = f(e(k), Ae(k)) (2)
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Figure 4.Closed-loop control implementing Pl controller.

]
Scope 5
-8
elk) Aulk) ey
_.( ) 2 - T
1 L @ﬂ:l—’ /)(}(\ & (k)" 155+ —’[@”’D
Step
¢ z 1 Bek) fuzzy Logic 1 J Transfer Fen ';';:"" Scope
z e(k-) Controller -
Unit Oelay vki)| z
Unil Delay

Figure 5. Closed-loop control im %g fuzzy logic controller.

rformance Measures

esponse Regulatory Response
Controller % Settling %
Overshoot Time Overshoot
Fuzzy Logic
Controller
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This relation is similar to conventional Pl controller as
Au(k) = K, Ae(k) + K e(k) (3)
where K, and K, are the parameters of the PI controller. This FLC is called as a PI-like

FLC. In case of PI controller, the equation (3) is linear, while in FLC, equation (2)
nonlinear.

DESIGN PROCEDURE OF FLC
Important steps in the design of FLC are listed as

Stepl.Determine the input and output variables of FLC: By appropi
input and output variables the controller can be identified as Pl-k
FLC.

Step2.Define the parameters of FLC: determine the scal actors and the normalized
universes of discourse and membership functions
with the linguistic labels of the main variables like

Step3.Determine the rule-base of the FLC: T
rules given by

Step 4. Computational realization phil fuzzy output of the FLC is

converted into a crisp output

(k) is tending to zero at a satisfactory rate, then maintain present
ing.

e(k) is not self-correcting, then control action setting Au(k) is not zero
d dgpends on the sign and magnitude of e(k) and Ae(k).

Y TOOLBOX COMMANDS

FIS editor - Using this command Mamdani or Sugeno type FIS can be selected.
Input / Output - Using this command number of inputs / Outputs can be selected.
MF editor - Using this command number of membership functions (MFs) can be

added, modified or deleted. Also type of MFs can be selected.
4. Rule editor - Using this command rules can be edited, modified or deleted.
5. Rule viewer - Firing strength of the rules can be viewed.

6. Surfviewer - Output surface can be viewed.
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Figure 6. Model waveforms of regulated o e with Pl and Fuzzy

Logic Controller.

FLC DESIGN FOR THE GIVE
Reference input

Process output

e(k) : r(k)-y(k)

Lo Ae(k): e(k)-e(k-1)

Error

Change in

Error e and Change of error Ae.
: Change of output Au.
mbership function type  : Triangular with 50% overlapping.
Defuzzification method . Center of Gravity (COG) method.
The range of error s [-1 1]
The range of change in error : [-1 1].

The range of change in output : [-0.01 0.01].
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The membership diagrams for e, Ae and Au are shown in Figures 1,2 and 3. The fuzzy
control rule table for the given process is given in Tablel.
SIMULATION PROCEDURE

1. Develop the closed-loop control for the given process with conventional
PI controller using Simulink as shown in Figure 4.

2. Similarly develop the closed-loop control for the given process with
fuzzy logic controller using Simulink as shown in Figure 5.

3. Simulate individually for a unit step input and obtain t as shown in

Figure 6.

4. Compare the performances of Pl and fuzzy:
regulatory responses and tabulate in Taple

ntrollers from servo and

RESULT

Thus the featur 0olbox are studied and a FLC is designed for the given

system.

“ hat are the different types of FLC?

.2’ Why triangular membership function is ideal over other types?
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