DEPARTMENT OF INSTRUMENTATION ENGINEERING
B.E. VIII-SEMESTER (E & I)
INSTRUMENTATION AND COMPUTER CONTROL LAB
LIST OF EXPERIMENTS
Cycle-I

1. Design of sampled data control system with Dead-beat controller using T

2. Design of Dead-time compensator using smith predictor algorithm and s
using SIMULINK
Process identification using Least Square Estimator algorithm

Design and simulation of Kalman’s Controller using TUTSIM

Design and realization of digital filter
Design of sampled data control system with Dh

TUTSIM.
7. Study of LABVIEW software.

ISEER L R

r and simulation using

8. Study of SCADA software
9. Design of Feed forward — roller and simulation using SIMULINK
10. a) Simulation of a tempef: _ ss using LabView.

11. a) Design of inv
b) Study of Bi
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Expt. No.
Date

DESIGN OF SAMPLED DATA CONTROL SYSTEM WITH DEAD-BEAT
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 algor

THEORY
The block diagram of Direct Digital Control Loop (DDC) is as shown in Figure or a set point

change the closed loop response is given by

_HG:@)D(@) |,
1+ HG,(2)

)

Y(2) s (2)

discrete-time response should be specified.
@.can solve equation (1) with respect to unknown
D(2).

(2)

The closeg loop response for a deadbeat control algorithm to a unit step change in the input
exhibits no error at all sampling instants after the first instant. If the response is to have zero error
at all sampling instants after the first, its discrete-time behaviour resembles that of a unit step

delayed by one sampling instant. Therefore,

Z—l

1-z71

Y(2) = )
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L . Y@ _ .

Yoo (2) = —= )
1-z7 Y, (2)
Substituting equations (3) and (4) in equation (2)
1 z™
D(2)= * 5
D160 1-2° ©)
PROBLEM

Design a dead beat controller for the process

1

ith Sampling Time T=5 second
055 + 15+ 1fs+1)2s +1) oS T TS SEEONE

GP(S):(

DESIGN

First approximate the given process into first order plus ¢ del using process reaction

curve method. The block diagram schematic is as shqw and the open loop response

obtained is as shown in Figure 3.

The approximated first order time delay model is olg&ined from Figure 3 and is given by

Gp(s)=(1e_' s ™

2.943s +1)

The pulse transfer function is given by
HG, (z) = Z[H(
where H(s)

r hold transfer function and is given by

(=)

e—1.889s
=(-z1)*z
S *(2.943S +1)

Sampling time T = 5 seconds
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AT =t,
AT =1.889

A= —1'8589 =0.3778

m=1-A
m=1-0.3778=0.6222

1
L HG (@) ={-27 JrZm o
»(2) ( z ) m|:S(2.943S+1):|m—0.6222

=(1—Z_1)* zm %.943
|58 F 72,943/ ] o222

0.339

:(1— z‘l)*Zm

m=0.6222,a=0.3398

HG, (2)=(1-z")* Zm{
.6222,a=0.3398

We Know

Zm{s(siaﬂ‘ 1

HG, ()

0.3398
s(s +0.3398)

j| m=0.6222,a=0.3398

» 1 1 e—(0.3398) (0.6222) (5)
(1— z {Z 1 - 7 _ g 0339%9) () }
o 2_1{ 1 03475 }

z-1 z-0.1829
z—1[ 1 0.3475 }

z-1 z-0.1829
1 (034752 -0.3475 )

z (z? - 0.1829z )
z? — 01829z - 0.3475z ® + 0.3475z

7% -0.1829z 2
_ 0.6525z * + 0.16462
z%® -0.1829z 2

2(0.6525z + 0.1646 )
z(2? - 0.1829z )

0.6525z + 0.1646

HG. () == 18202
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~ 2(0.6525+0.16467 )
~ 22(1-0.182921)

_ 0.6525+0.16462

~ z-0.1829

_ 2%(0.6525+0.16467 )
~ (1-0.182027")

-1
D(2)= 1 ,z .
HG,(z) 1-z

(1-0.18207) , 7*

= 50,6525 0.16867) 1-7°
B ]
D2} ( (1-0.18297)

0.6525-0.65257" +0.16467" —0.164
m(z) (1-0.18297)

e(z) (0.6525-0.48797 —0.16462
0.6525m(z)-0.4879Z'm(z) —O.

e(z)-0.182%(z2)z*
Taking inverse Z-transform

m, =0.7477Tm , , + 0.2
EXPERIMENTAL PROCEDUR

(i)

(i)
(iii)

(iv)

1 where Kp is the process gain, t is the process time constant and t4 is the
S +

process dead time.

_ Change in steady state value B

K —

change in theinput U
t=15%(t, - t,) (8)
t,=t,-1

(V) Derive the pulse transfer function HGp(z).

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

Control
T algorithm T Hold Process
Ysp(s) g N
— 0 D@ 0 H(s) Gy(s)
set point e

T

o

y(@)

Sampled process output

Figurel. Block Diagram of Direct Digital

k=1.0 k=1.0 k=1.0
Ts=0.5 Ts=1.0 . Ts=2.0
c=1.0 1c=0.0 1c=0.0 1c=0.0 1c=0.0

CON — FI1O FI1O [ FIO i

Figure2. Block | .Obtain Open Loop Step Response

Process Reaction Curve
1.2 T T T T T T

Final Steady Input (U)
Statevalue (B) 1--—=--==-===-==---o——mm——m——m oo
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o
2
T

1

e
~
T
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t1=2.87 t2=4.832
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Figure3. Open Loop Step Response of the higher order process for the step input of
maghnitude “u”

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



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

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 ——® 7CC SUM
a0=0.7477
al=0.2523
a2=0.0 Ts=1.0
a3-0.0 1c=0.0

ZCC — ZUD

k=1.0 k=1.0

Ts=0.5 Ts=1.0

1c=0.0 1c=0.0

FlIO r—— FIO FIO [
Ts=1.0
Pz=5.0
Dz=0.0
ZDT

Figure4. TUTSIM Block Diagram of Deagbeat Controller for actual process

SUM

Figure5. TUTSIM Block Diagram of Deadbeat Controller for approximated process
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Process ¥ anable

' Approximated Process
Actual Process
| [
L
0 b 10 15 20 25 30 35 T

Figure6. Response of Deadbeat Controller for bot and approximated process

RESULT

The closed loop response of a sampled dat to a unit step change in the set point has been

obtained after designing a dead beat c
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Expt. No.
Date

DESIGN OF DEAD-TIME COMPENSATOR USING SMITH PREDICTOR ALGORITHM
AND SIMULATION USING SIMULINK

AIM

1. Todesign a dead-time compensator using Smith Predictor algorithm.

2. To obtain the closed loop response of the given system (with large dead 4ime)*with and

without compensator.

THEORY

A conventional feedback controller would provide unsatisfactory

having large dead-time, for the following reasons:

1. A disturbance entering the process will n

of time.

instability. Consider a d back loop shown in Figure. 1(a) with the process transfer

function,
o(s) = G(s)e™

The op; : se to a change in set point for the process is given by
" Y(5) = Gu(s) {G(S) €™} Yin(s)

Here the response is delayed by tq minutes.

In order to eliminate the undesired effects caused by dead time, the open loop feedback signal

should carry the current information and not the delayed information such as

Y* () = GcG(S) Ysp(S)
This is made possible, if Y'(s) is added with Y(s) as shown in Figure 1(b) and Y’(s) is given by,

Y*(5) = {(1-6") G(8)} GeYs(s)-
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¥(s)

Yopls Ge(s) G(s) etds

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

Ge(s) G(s) g'tds

(1-e')6(s) [

“Compensation Scheme

Yspls Ge(s) G(s) etds w‘-@)

Y¥(s)

Figure 1(c). Block Di f System with Dead time Compensation

10
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U

Step

PROCESS WITHOUT DEADTIME COMPENSATOR

Step1

Figure 2. SIMULINK Diagr

Output

Figure 3. Servo-Regulatory Response of the process with and with out dead time
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Now,
Y*(S) =Y (5) +Y'(s)
= [(1-6"*) G($)} GcYsp(S)] + G()Gels) €
= G(5)G(s) YSP(s) - €"“G(s)Gc(s) Yp(s)+ €™ G(5)Ge(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).

possible only if the process model is perfectly known.

Dead time compensation is needed only when the ratio of dead time

one. The controller should be conventional PID or Pl controller.

EXAMPLE
Demonstrate the effect of dead time compensation for
G(s)= {e'™/(s+1)}
Compare the response with and without de
PROCEDURE

1. For the given process G(s

1)} check the closed loop response by tuning Pl
468

controller values [ k. =

2. Analyze both the se gulatory responses with and without dead time compensator and

to show the effect of compensator under model mismatch condition. (Refer
nd Figure 5).

RESULT
A dead time compensator using smith predictor algorithm was designed and the process was

simulated using Simulink and the closed loop response incorporating dead time compensator and

without dead time compensator was compared.

12
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Figure 4. Servo-Regulatory Response of the process with dead time
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Figure 5. Servo-Regulatory Response of the process with dead time
compensator and +70% model mismatch
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Expt. No.
Date
PROCESS IDENTIFICATION USING LEAST SQUARE ESTIMATION
ALGORITHM (MATLAB)
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 pro variable or

resulting expression is known as model.
Thus the model is a set of differential (or differenc C praic equations that can

describe the process behavior.

a2,ana—> UNKnown parameters
Yn-1, Yn-2, --- Yn-na—> previous values of output

Un, Un-1, Un2, ... Unnp—> Present and past values of input

15
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Figurel.Block diagram to get open loop response

Scope

09

058

07

0E

0.5

0.4

0.3

0z

1
(s+1)*

2 process response for

From
1(23.6% of the final value)=2.71secs

t2 (63.2% of the final value)=4.857secs
1=1.5*(t,-t;)=1.5*(4.857-2.71)=3.8secs

t=t>-t=4.85-3.8=1.28secs

The approximated model is ﬂe-l.zgs

3.85+1

16
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Equ. (1) is usually written as

_ B(Z '1) Z—nk

et @)

Y(2)

Now we define the parameter vector containing unknown parameters.
9 = [b]_, b2, bna, a]_, az, ana]T (3)
There are (ny+n,) unknown parameters.

Let us define NC as this total, so the vector has NC rows.

Let N=na, M=nb.

Now suppose we have NP data points that give values of the output yn for kiown values of

yn-11 yn-21 ---yn-N1 Un, Un-1, ... Un-Mm.

The data could be grouped as follows.

Yn Yo1 L Yon u, Uy,

values Values values  Values  Values
1 Yin Yina  Yien U, L
2 Yaon Yona  Yana Uz L
M M M M

NP yNP,n yNP,n—l yNP,n

Our objective is to minimize -

to zero. This gives NC equations i.e., NC unknowns. The solution is
tten in matrix form.
0=[A'A]'ATY (5)

where matrix A (with NP rows and NC columns) and the Y vector (with NP rows) are

defined to represent the data points.

yl,n—l yl,n—2 yl,n-N ul,n u1,n—M
A y2,.n—1 y2,.n—2 y2,.n-N u?,n u2,n—M (6)
yNP,n-l yNPP,n-Z yNP,n—N uNP,n uNP,n—M
17
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Y:[yl,n Yon Yan - yNP,n]T (7)

In this experiment the actual process is

1
= 8

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

1.04e 1%

Ce () =585 11

Let the first order model can be written in the form,

YO _g ()= Kee ™
us) " ts+1
-sT
Let G, (s)=1°

Where T — sampling period

The pulse transfer function of this, proces8 with zero order hold is

Z [Go(8) Go(9)] 3

i kp/t
— -nk 1- -1 7
27 (127 _s(s+1/r)}

_kpin A, _B
s(s+1/7) s (s+1/7)

18
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_ kpt
s(s+1k)

_kpt_

=——=K
1k P

B=kp—”*(s+1/r)|
s(s+1/7)

s—-1/7

_ kpr
-1k

B=-Kp

-k _ 51 @_&
Z[G,(s)Gp(8)]=2" (1-z )Z{ s (s+1/r)}

=(1-z'1)z'”kkpZF- 1 }
s s+1/t

~(1-z%) 2™ kp| = -

:Z__]-:Z—nk kp

G, (9] =2"™kp [%}

Z[G,(5) G, (9)]=2™ PP
z-b

_¥(@) _ kp(1-b)
HCP@) =0 = 7% 2~ 1)

Multiply numerator and denominator by z*

19
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y(@) _ kp(1-b)z*
uiz) z™(z-b)z*

kp(1-b)z*

NP w2

Let by =Kp*(1-b)
a; = -b
z™b, 2"
HGp(Z)=—"—
1+a,z

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

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

The discrete transfer function has three parameters that pee entified; nk, by and a;.

PROCEDURE

[ process Gp (S)(fig.1,fig.2).
parameters are estimated using Two point

1. Obtain the open loop response
2. From the open loop respo
method.

3. Load the data files from imulink environment to matlab editor and then

execute the estimate the values of a, b, nk.

4. Tabulate

minfor various valuesof nk.

20
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file name:input.mat
wariable name:u
sample time:0.01

file name:output.mat
wariable name:y
sample time:0.01

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

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;

y1=y(2,);

plot(t,y1)

z=[y(2,)' u(2,))1;
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-Kk1;

deadtimetpara(1,9)*para(1,2)

tau=(ts/log(k1))*(-1.0)
jmin=para(1,1)

21
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identified model

1.0591
. oy
4054 s+1

Step Transfer Feon Transport
step time=0 Delayt
initial value=0 |:|
final walue=1

Scope

actual process

1.04
. |y
3.8+
Stepd Transfer Fend  Transport
Cralay

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

Figure 5 Estimated and Approximated model output

22

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



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

TABULATION:
nk Kp tq T Jmin

RESULT
Thus the parameter of a linear discrete model for a given process has been identified using

least square estimation approach.

The identified model is —0201 @128
4.0641s+1

The actual process is (104 g 1288
3.85+1

23
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Expt. No.
Date

DESIGN AND SIMULATION OF KALMAN’S CONTROLLER USING TUTSIM

AIM

To design a Kalman’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 Kalman’s algorithm.

THEORY OF KALMAN CONTROLLER

To synthesis a digital control algorithm by Kalman’s approach, we place restrict on C and M,
"specific C (z). That

instead of usual C/R. Thus the derivation of the Kalman’s algorithm ggsume

is the system response to a unit step input reaches the final value i mpling time instants and

C) =czt+z?2+z27°%+..

)

In order to accomplish this manipulated variable will asstine two intermediate values and then

assumes its final value thereafter as shown

M@Z) =m,+m,z "+

(2)

where no restrictions need be place e value of ¢, and mgequals the reciprocal of the process

steady state gain. Then féntermediate values of M equals the order of the process.

If the control al sed for a unit step change in set point, then

Mzt +zP+z20 +.)

=C,zt+(1-C)z” (3)
=Pz +P,z7?
=P(2)

M@)

and =(l-zHMmy,+mzt+mz?+mz°+..)

R(2)

25
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Figure 1. Desired response c ics used to design Kalman’s algorithm

k=1.0 k=1.0
Ts=1.0 Ts=2.0
1c=0.0 1c=0.0

Figure 2. Block Diagram to obtain Open Loop Response
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Process Reaction Curve
12 T T T T T T T

Final Steady Input (U)
Statevalue (B) 1f---------=-—=—=-———-—-——-—-———--ooo=a

0.9 - =

e
2]
T
1

e
~
T

Input/Output Values
o =
o (=2}
T T
1 1

0.4l -
(H.._ _________________ : : -
28.32% of B 0af ]
01t 4
S S S S S
0 2 4 N 6 H] 10 12 14 16 18 20

\ Time (secs)

’
11=2.87 t2=4.832

Figure 3. Open Loop Step Response of the hig
magnitude

SUM
k=1.0 k=1.0
Ts=1.0 Ts=2.0
1c=0.0 1c=0.0
FlO - FlO —
Ts=1.0
Pz=5.0
Dz=0.0
ZDT

Figure 4. TUTSIM Block Diagram of Kalman’s Controller for Actual Process
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=mgy +(m, —my)z™" +(m, —m,)z”*
=0, + qlz_l + qzz_2
=Q(2)
HG, (2) = 2@ _ P@) )

M) Q)
Thus the coefficient in H Gp(z) must equal those in P(z) and Q(z)

> P, =P +P, =1and

2

1
>, =0,+0, +0, =

i=0 P

2
1

C(2)
D) = R(z) 1
1_| €@ | HG ()
R(2)
_ _P@ Q@)
b@) = 1-P(z) P(z) (7)

The equation holds go the process has a dead time of N sampling instants. In such case

the specification L ihclude the appropriate number of zeros.

n’s controller for the process given by

1

0.55 +1)s +1)s +1)(25 +1) ()

GP(S):(

Sampling Time T=5 second.
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a0=1.2238

al= -0.2238
C =10 a2=0.0
a3=0.0
a4=0.0
CON a5=0.0
a6=0.0
- SUM > ZCC SUM
a0=0.7986
a1=0.2014
a2=0.0 Ts=1.0
a3=0.0 1¢=0.0
ZCC — ZUD

K=1.0 Rn=0.001

Ts=3.34 Td1=1.46
1c=0.0 1c=0.0
FIO DEL
Ts=1.0
Pz=5.0
Dz=0.0
ZDT

Figure 5. TUTSIM Block Diagram of Kalman,s Controller for Approximated Process

DESIGN

First approximate the given procé order plus dead time model using process reaction

curve method. The block diagram s tic is as shown in Figure 2 and the open loop response

obtained is shown in Fig

plus time delay model is obtained from Figure 3 and is given by

1e—1.8895
)= (2.943s+1)

fer function is given by

HG, (2)=Z[H(s)G, (3)]
1_ e—sT

where H(s) =(

1—e T 1*p188%
HG, (2)= ZK s j((2.9433+ 1))}

j =zero order hold transfer function
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HG,(2) = Z[H(s) G, (s)]

—sT

where H(s) = (

1_e T Y 1*egL8es ]
HGP(Z):ZH s ]((2.943s+1)]_

-1.889s

] = zero order hold transfer function

—1_-1 e
-t-2 )*ZL*(Z.9433+1)

Sampling time T = 5 seconds

AT =t

AT = 1.889
=189 _ 43778
m =1-A

m =1-0.292 =0.6222

. HG,(2) = [L-z*)*Zm

}m—0.6222

-m=0.6222

| s(s+0.3398)

m=0.6222,a=0.3398

(1_2_1)* 7m 0.3398
s(s+0.3398)

j| m=0.6222,a=0.3398

e Know
—amT
zm @ || 1 e T
ss+a)| [z-1 z-e™
HG, (2) = (1-z*)* Zm{w}
S(S + 03398) m=0.6222,a=0.3398
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1 e —(0.3398)(0.6222)(5)
= (1— z*t -
71 7 _ e—(o.ssgs)(S)
_ (1_2_1{ 1 03475 }
z-1 z-0.18293
z—l[ 1 03475 }
z |z-1 z-0.1829
1 (0.3475z—0.3475)
z (22 -0.1829z)
2% -0.1829z — 0.3475z2% +0.3475z
z° —-0.1829z°
_0.6525z° +0.16467

z® -0.1829z°
~ 2(0.6525z +0.1646)

2(z2 - 0.18297)

0.6525z+0.1646

2% —0.1829z
_ 2(0.6525+0.16467
~ z2%(1-0.1829z?)

HG, (2) =

NORMALISATION

For normalization add the
lue.
-efficient value = 0.6525+0.1646=0.8171

the added numerator co

0.6525 0.1646
+ z

4= P(@) _ 08171 08171
Q@) z 01829
08171 0.8171

P(z) _ 0.7986 +0.2014z *
Q@)  1.2238z - 0.2238

~ 0.7986z * +0.2014z °
1.2238 —0.2238z *
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Q@)

P@ =" P(2)

D) = 1.2238-0.2238z""
1-(0.7986z* +0.20147 )

@) - (1.2238-0.22382°%)
(L-0.798627 - 0.2014272)

m@z)  (1.2238-0.22387)
e(z) (1-0.79862" —0.2014z2)

N

m(z) —0.7986z 'm(z) —0.2014z *m(z) =1.2238e(z 2!

Taking inverse Z-transform

m_ =0.7986m_, +0.2014m__, + ~0.2238e, ,

EXPERIMENTAL PROCEDURE

9)

pulse transfer function HGp(z2).

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

vii. 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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Exp. No
Date

DESIGN AND REALIZATION OF DIGITAL FILTER
AIM

To design and realize a digital IR Low Pass Filter using Bilinear Transformation and
transform to High pass, Band pass and Band stop filters using MATLAB.

Theory

A digital filter is essentially a computational process (algorithm)
sequence of number x(n) representing the input, to another sequence y
the output.

The input-output difference equation that relates t
expressed in the discrete time domain as a summation of t

put to the input can be

yinl = Zai-x[n —-11- Zbi-y[n —11

or in the Z-domain as
G =12 =

di=)

Digital filters are classified bas

1. Impulse Response dur
2. Realization form

Impulse Response D

Realization Forms:

a) In a Recursive Realization digital filter the output is dependent on the input and the
previous values of the output. In a recursive digital filter, both the coefficients a; and b; are
present.

b) In a Non-Recursive Realization digital filter the output depends on present and past
values of the input only. In a non-recursive digital filter, only the coefficients a are
present, i.e., b=0.
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Filter design methods have been well established, along with their prototype circuits. Thus,
we can choose the appropriate prototype to satisfy the requirements. Transformation
methods are also available to map an analog prototype to an equivalent digital filter. Three
well known transformation methods are as follows.

i. The Impulse Invariant Method which produces a digital filter whose impulse response
consists of the sampled values of the impulse response of an analog filter.
ii. The Step Invariant Method which produces a digital filter whose step response consists
of the sampled values of the step response of an analog filter.
iii. The Bilinear Transformation which uses the transformation
2z-1

5= ?z +1

to transform the left half of the S plane into the interior of the unit circle

Problem

Design a digital low pass single pole filter with 3 d
bilinear transformation method applied to analog filte s transform the digital low
pass filter to digital high pass, band pass and band
Qc

H(s) =
©) S+Q,

1)

Solution:

Cut off freq y of digital filter o, =0.2n (given)

(O.Zn]
an| ——
2

065

r transformation to equation (1), the digital low pass filter H(z) is obtained

2(1-z71
S=—
Tl1+z?
0.65
H(z) = T

2 1-z71 +0.65

Tl1+27 T
0.245(1+27Y)

1-0.509z*

H(z)
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_Y@)
e
Therfore,
Y(z) 0.2451+z7")
X(z) 1-0.509z7

(2)

Cross multiplying and taking inverse ‘Z’ transform
y(n) =0.509y(n —1) + 0.245x(n) + 0.245x(n—-1)

Equation (3) gives the difference equation digital low pass filter with inp

y(n).
Transformation from low pass to high pass filter

Let , be the cut off frequency of high pass filter and . "
Let o, =0.4n rad/sec.

To transform low pass to high pass filter replace z ransfer function of low pass filter

(derived in equation (2)) by equation (4)

4)
Where
Calculatin
(0.4n + 0.2n]
os| — =
2
o= —
(0.4n - 0.275)
cos| —
2
o =-0.6180
Now z in equation (4) becomes
-1 _
yio (27 -06180 )
1-0.6180z

Replacing z™ in equation (2) by equation (5), we get the transfer function of high pass
filter as in equation (6)
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A
0.2451-| 2~ 00180
Y(2) 1-0.6180z" ©)
X (2) 21 —0.6180
1-0.61807

1+ 0.509(

Simplifying
Y(z) _ 0.3694(1-z7")
X(z) 0.6854-0.109z7

(7)

Cross multiplying and taking inverse ‘Z’ transform
y(n) =0.5783x(n) — 0.5783x(n —1) + 0.1590y(n—1)

Equation (8) gives the difference equation digital high pass filter wi
output y(n).

Transformation from low pass to band pass filter

Let o, and o, be the lower and upper cut off frequencie ' s filter

o, =0.2r rad/sec; ®, =0.4n rad/sec

To transform low pass to band pass filter replace z ransfer function of low pass filter

(derived in equation (2)) by equation (9)

(9)
and  k=cot| 2" |tan| e
2 2
Subst .6180 and k =1 in equation (9)
-2 -1
1|2 0.618021 (10)
1-0.6180z"

Replacing z* in equation (2) by equation (10), we get the transfer function of band pass
filter as in equation (11)

-2 -1

0.245 1| 2 —0.618021

Y(2) 1-0.6180z"
X (2) 272-0.6180z""
1-0.6180z™

(11)

1+ 0.509(
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Simplifying

Y(2) 0.245(1-27%)
- ) = (12)
X(z) 1-0.9326z"-0.509z
Cross multiplying and taking inverse ‘Z’ transform
y(n) =0.245x(n) —0.245x(n—2) +0.9326y(n —1) + 0.509y(n - 2) (13)

Equation (13) gives the difference equation digital band pass filter with input x(n) and
output y(n).
Transformation from low pass to band stop filter

Let o, and o, be the lower and upper cut off frequencies of band stop fi

o, =0.4n rad/sec; ®, =0.6n rad/sec

To transform low pass to band stop filter replace z* in transfeggfunctiefi of low pass filter

(derived in equation (2)) by equation (14)

772 _(2ak )z‘l +(
1+k

(14)

+0.8089] (15)

1+0.8089z°*

in equdtion (2) by equation (15), we get the transfer function of band stop

)
0.245 1+(Z +0'808_91]
Y (2) B 1+0.8089z

X(2) 2724+0.8089 (19)
1-0.509 +—2
1+0.8089z
Simplifying
Y(z) 0.4432(1-77) a7

X(z) 0.5883+0.3z22

Cross multiplying and taking inverse ‘Z’ transform

39

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



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

y(n) =0.7536x(n) +0.7536x(n —2) — 0.5099y(n — 2) (18)
Equation (18) gives the difference equation digital band stop filter with input x(n) and
output y(n).

PROCEDURE
1. Design the Low pass filter using given specification and transform to High pass,
Band pass, band stop filters.

2. Enter the program in m-file.

3. Run the program for various input frequencies and observe the out

Program 1: LOW PASS FILTER

% program for low pas filter

clear all;

close all;

y(1)=0;

x(1)=0;

% cut off frequency =0.2*pi

for n=2:1000

x(n)=sin(0.02*3.14*n)+sin(0.7*3.14

y(n)=0.509*y(n-1)+0.245*(x(n)+x(n;

end '

for n=1:1000
input(n)=x(n);
out(n)=y(n);

end

subplot(4,2,

plot(1: ,out)
title("output")

num=[0.245 0.245];
den=[1 -0.509];
w=0:0.1*pi:pi;
y=fregz(num,den,w);
subplot(4,1,3)
plot(w,abs(y))
title(*'magnitude response")
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xlabel(*frequency’)
ylabel(*magnitude")
subplot(4,1,4)
plot(w,angle(y))
title("phase response’)

xlabel(*frequency’)

ylabel(‘phase")
kN
input output
2 1 : 2
! ‘ Ul ‘H I \h I I H\ \Hu ‘LII | A A n A A
0 ‘ H\ I i ‘ ‘ ‘H ‘H ” \H 0 V V V V V
2 ; ; ; ; 2 ; ;
0 200 400 600 800 1000 0 200 400 600 800 1000
magnitude response
1
0.8 \\
B 06 SN
27 N
o
2 04
€
0.2 \\
0
0 0.1pi 0.2pi 0.3pi 0.4pi 0.5pi 0.6pi 0.7pi 0.8pi 0.9pi pi
frequency
0
g T
-1
-g_ e —
-2
0 0.1pi 0.2pi 0.3pi 0.4pi 0.5pi 0.6pi 0.7pi 0.8pi 0.9pi pi
frequency

Fig.1 Results for Low Pass Filter
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Program 2: HIGH PASS FILTER

clear all;

close all;

%HIGH PASS FILTER

y(1)=0;

x(1)=0;

for n=2:1000
x(n)=sin(0.01*3.14*n); %cutoff frequency=0.4*3.14
y(n)=0.159*y(n-1)+0.5783*(x(n)-x(n-1));

end

for n=1:1000
out(n)=y(n);
input(n)=x(n);

end
subplot(4,2,1)
plot(1:1000,input)
title("input’)
subplot(4,2,2)
plot(1:1000,out)
title("output")
num=[0.3964 -0.3964];
den=[0.6854 -0.109];
w=0:0.1*pi:pi;
y=fregz(num,den,w);
subplot(4,1,3)
plot(w,abs(y))
title(*'magnitude

xlabel(*frequency’)

ylabel(‘phase angle")
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input output

1 0.5
0 0
1 ‘ 05 : : : ‘
0 200 400 600 800 1000 0 200 400 600 800 1000

magnitude response

1
S / "
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£ 05 -
=) -
IS
g /
0 - - - - - - - - - .
0 0.1pi 0.2pi 0.3pi 0.4pi 0.5pi 0.6pi 0.7pi 0.8pi 0.9pi pi
frequency
phase response
1.5
2]
E» 1 /\\ \
& /
) T ——
2 05 ——
< \
= 0 e ———
0 0.1pi 0.2pi 0.3pi 0.4pi 0.5pi 0.6pi 0.7pi 0.8pi 0.9pi pi
frequency
"Pass Filter

Fig.2 Resylts
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Program 3: BAND PASS FILTER
clear all;
close all;
%BANDPASS FILTER
y(1)=0;
x(1)=0;
x(2)=0;
y(2)=0;
for n=3:1000
x(n)=sin(0.2*3.14*n);
%lower cutoff frequency=0.2*3.1; %upper cutoff frequency=0.4*3.14
y(n)=0.245*x(n)-0.245*x(n-2)+0.9326*y(n-1)-0.509*y(n-2);
end
for n=1:1000
input(n)=x(n);
out(n)=y(n);
end
subplot(4,2,1)
plot(1:1000,input)
title("input’)
subplot(4,2,2)
plot(1:1000,out)
title("output")
num=[0.245 0 -0.245];
den=[1 -0.9326 0.509];
w=0:0.1*pi:pi;

y=freqz(num,denw);
subplot(4,1,

subplot(4,1,4)

plot(w,angle(y))
title("phase response’)

xlabel(*frequency’)

ylabel(‘phase")
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input output

1 | 1
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0 200 400 600 800 1000 0 200 400 600 800 1000
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<
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Band Pass Filter
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Program 4: BAND STOP FILTER
clear all;
close all;
%BANDSTOP FILTER
y(1)=0;
x(1)=0;
x(2)=0;
y(2)=0;
for n=3:1000
x(n)=sin(0.01*3.14*n);
%lower cutoff frequency=0.4*3.14; %upper cutoff frequency=0.6*3.14;
y(n)=-0.51*y(n-2)+0.7536*x(n)+0.7536*x(n-2);
end
for n=1:1000
input(n)=x(n);
out(n)=y(n);
end
subplot(4,2,1)
plot(1:1000,input)
title("input’)
subplot(4,2,2)
plot(1:1000,out)
title("output")
num=[0.4432 0 0.4432];
den=[0.5883 0 0.3];
w=0:0.1*pi:pi;

y=freqz(num,denw);
subplot(4,1,

subplot(4,1,4)

plot(w,angle(y))
title("phase response’)

xlabel(*frequency’)

ylabel(‘phase")

46

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



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

input output
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0 0.1pi 0.2pi 0.3pi 0.4pi 0.5pi 0.6pi 0.7pi 0.8pi 0.9pi pi
frequency
Fig.3 Resuylts forgBand Stop Filter
RESULT

Thus design and simulatio
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Expt. No.
Date
DESIGN OF SAMPLED DATA CONTROL SYSTEM WITH DHALIN’S
CONTROLLER AND SIMULATION USING TUTSIM.
AlIM

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 Figure

point change the closed loop response is given by

_HG, (D) |,

Y@= 1+ HG, (2)

s (2)

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

In DDC for a given step change in the set point the disCgte-time response should be specified.

Then HGs (2), Y (2) and Ys,(z) are known we can solye equation (1) with respect to unknown D (2).

The transfer function of the digital con

1 {
D(z) = * )
® HG, (3
PROBLEM
Design a lin’s controller for the process.
1 . . )

G with Sampling Time T=5 seconds 6

D+ D)6+ 1)2s 1) PIing ©
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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
- 26=0.0
- SUM - ZCC SUM
a0=0.7477
al=0.2523
a2=0.0 Ts=1.0
a3-0.0 1c=0.0
ZCC — ZUD
k=1.0 k=1.0
Ts=0.5 Ts=1.0
1c=0.0 1c=0.0
FIO Flo =
Ts=1.0
Pz=5.0
Dz=0.0
zZDT
Figure 4. TUTSIM Block Diagram of Dahlj r for actual process
Cc=1.0
CON

suM

Rn=0.01

Td1=1.8890
1c=0.0
DEL —-

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

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

1e—1.889$
Gr(8) = 7
& (2.943s +1) 0

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

H(S) _ (1_ e=sT ]
S
1—eST Y 1%g-Lees
HG, (2)= ZH s ]((2.9435 +1)ﬂ

e—1.889$
S (B ) o/ . —
S*(2.9435+1)

Sampling time T = 5 seconds

AT =t,
AT =1.889

A= —1'8589 =0.3778

m=1-A
m=1-

1
1 \% 7
) m[ 3(2-9435 + 1)} m=0.6222

= (]_—Z_l)*Zm _ 2943

1
S|S+——
[ 2.943]

0.3398
| s(s+0.3398) |

-Im=0.6222

:(1—2‘1)*Zm

m=0.6222,a=0.3398

0.3398
H =l-z7)zZm ——————
G-(@)=l-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,(2)=[1-z7)*zZm —="
@)=f-2") mL(S+0.3398)

j| m=0.6222,a=0.3398
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Approximated Response Actual Response
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. 1 o ~(0:3398)(0 6222)(5)
HG ,(z) = (L-z -
p 7 1 7 _ o 0396 )

3 1 0.3475
(1 -2 —
z-1 z-0.1829

z—1[ 1 03475 }
Z

z-1 z-0.1829
1 (034752 - 0.3475 )

z (z2 - 0.1829z )
z? — 01829z — 0.3475z 2 + 0.3475z

z® - 0.1829z *
065252 + 0.1646
z? —0.1829z

2(0.6525+ 0.16462 ) g

HG,(2) =
»(2) 22(1-0.1829z )
~ 2%(0.6525+0.164
(L-0.18292
D(z) 1 (1-a)z o Whereo =70

"HG.(@) (l-azh)
a=e"®**9=0.1829
N=td/T=0(Nisth multiples of deadtime)
(1-0.1829) 2

" z*) [1-0.1829z7 -0.8171z)

0.8171z7"
0.164627)| 1-z*

(0.8171-0.14957*)

0.6525-0.48792 —0.16462 )

ss multiplying ,

0.6525m(z)—0.4879z " m(z)-0.16462 > m(z)=0.8171e(z)—0.1495e(z) z™*

Taking inverse Z-transform

m, =0.7477m,__, +0.2523m __, +1.2523e,—0.2291e
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EXPERIMENTAL PROCEDURE

M Give the step input of magnitude ‘u” for the given higher order process as shown in
Figure 2.

(i) Obtain the process reaction (S-shaped) curve as shown in Figure 3.

(iii) From the process reaction curve find the steady state value (B), t; and t, where t;=time
corresponds to 28.3% of B and t,= time corresponds to 63.2% of B.

(iv)  Approximate the first order plus dead time model using the given formulae as

—tds
G, (s)=—F where Kp is the process gain, t is the process time consta d tq is the
P +1

process dead time.

_ Changein steadystate value B

K —

changein theinput U
1=1.5*(t, - t,) (8)
t,=t, -1

(v) Derive pulse transfer function HGp(z).
(vi) Obtain the digital controller D(z) as given in t
(vii)  Implement the transfer function of the dahlin’s controller by using Z-blocks in TUTSIM

(viii)  Analyze the response and cor

INFERENCE

observed that the dahlin’s response is similar to a First Order
any Oscillations)

From the closed loop resp
response with dead ti

RESULT

The clg nse of a sampled data system to a unit step change in the set point has been

er gesigning a Dahlin’s controller.
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Expt. No.
Date
STUDY OF LABVIEW SOFTWARE

AIM

To familiarize the LabVIEW software and to develop suitable blocks using LabVIEW for the given

exercises.

INTRODUCTION TO LABVIEW:

LabVIEW is a graphical programming environment. A program written in
Virtual Instrument (V). Each VI must have a Front Panel and a Block Diagram ront Panel
includes various controls and indicators, while the block diagram gypically»includes functions,

terminals and sub VI’s.

An object in the front panel has its counterpart called a block diagram. All controls

and indicators have their corresponding terminals in t am. It is important to label the

terminal to identify them.

The toolbar serves as the user interface g tools for editing and running the VI. It includes

the text settings, move text men igning and distributing objects and tools for

debugging.
The menu bar includes file control, editing, operating a VI, window control and many

options. The help optig bject description as well as indepth online help.

ned and unsigned integers or complex numbers. Format allows the user to express the

numbers using floating point notation, scientific notation or engineering notation.
Trouble shooting a VI is necessary when the VI does not run because it has either syntax errors or
run time 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
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‘wait until next ms multiple’ timer can also be used to provide time delays or time between loop
iteration delays.

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 LabVIEW an array can be made as an array control or
array indicator.

A string is a collection of ASCII characters. Strings are used by LabVIEW for text messages,
instrument control and for storing data to disk. A string control is used to pass string data to the

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

configure and operate them.
The text as well as data that the created VI generates can

LabVIEW special procedures must be followed to write a file on the disk or to

retrieve information from the disk.

EXERCISE-1
To convert a temperature value in Celsius to

SOLUTION
F=(C*1.8)+32

Multiply the Celsius va

Use the functions on th > numeric palette to build a block diagram as shown in Fig.1

STEP1

y’ function from the numeric palette and drag it to the block diagram. Select a

“from tools palette and place it over multiply block so the terminals are high lighted.
Right click the mouse on one terminal of ‘multiply’ block and select ‘create control’. A control
block is created in front panel, so that we can vary the Celsius temperature from the front panel
itself. On another terminal of ‘multiply’ block, right click the mouse and select ‘create constant’

and enter the value 1.8.
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STEP 2

Select “add’ block from numeric palette and drag it to block diagram. Output of ‘multiply’ block is
connected 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.

EXERCISE-2

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

SOLUTION

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

Select ‘add’, “multiply’ and “divide’ blocks from numerj configure as per exercise 1.

Refer Figure 2.

Another method to solve this exercise is by ysing fogmula node.
Select functions >> structure palette.
Drag formula node to block diag onnect wire tool” and on the frame of formula node
right click mouse and select ‘add in add output’. Declare input as | and output as P. Create

‘control’ and *indicator’. value will be displayed in the indicator.

EXERCISE-3

SOLUTI®N

a) Select functions >> structure palette.
Drag “for’ loop to block diagram. Give 100 as number of iterations. On the “for’ loop add 1
to iteration, connect output of ‘add” block to a tank. Tank will fill upto 100 feet. Time can

be varied by using timer block. Refer Figure 3(a).
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b) Select functions >> structure palette.
Drag ‘for’ loop to block diagram. Give 100 as number of iterations. On the “for’ loop
subtract number of iterations from every iteration. Connect output of subtract block to a
tank. Tank will drain from 100 feet. Time can be varied by using timer block. Refer Figure
3(b).

EXERCISE-4

To increase the tank level to a desired set point and to decrease the level on
point.

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

SIMULATION FOR EXERCISE-1

Front panel

\deg C degF
:j 10,00 50.00

Block diagram

deg C

180 32.00

Figure 1. To convert temperature value in Celsius to Fahrenheit
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SIMULATION FOR EXERCISE-2

Front Panel

(A)

Block Diagram

Meter

[DEL | |I to P Converter with Funetional Blneltsl
faauge

‘ 16,00 P p P’
. 12,00 m
|I to P Converter using Sub 1|.||'I|
f3auge 2
2

(A) Front panel (B) Block Diagram
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SIMULATION FOR EXERCISE-3

Front Panel

Block Diagram

Black Diagram for Tank Level to Increase)| Block Diagram For Tark Level to Decrease|

Tankz

1y o >

._.
[
[

[
=
=
[

=

(B) (C)

. Filling up the tank
A) Front panel (B) Block Diagram to fill the tank up to 100 from 0 feet
(C) Block Diagram to drain the tank from 100 to 0 feet
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SIMULATION FOR EXERCISE-4

Front Panel

Block Diagram

—N

(B)

Figure 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

RESULT
The LabVIEW software was studied.
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Ex No:
Date:

STUDY OF SCADA SOFTWARE
AIM

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

SOFTWARE REQUIRED

SCADA Intouch wonderware software

INTRODUCTION TO SCADA

SCADA is an acronym that stands for Supervisory Control Apgd Datagcquisition. SCADA

at a factory, plant or in

refers to a system that collects data from various sensors and co

other remote locations and sends these data to a central computer manages and controls

the data. As its name indicates, SCADA is not a full m, but rather focuses on the
supervisory level. As such, it is a pure software pack gpositioned on top of hardware to
which it is interfaced, in general via Programmable Logic Cgntrollers (PLCs), or other commercial

hardware modules. SCADA is used as a usey, interfage in DCS architecture.

0 portray control and management solutions in a
here SCADA is used are Water Management
Transit Systems, Environmental Control Systems,
any parts of a working SCADA system. A SCADA

dware (input and output), controllers, networks, user interface

entire central systefg, Théwéntral system usually monitors data from various sensors that are either

in close pr ity or off site (sometimes miles away).

specific réguirements. One of key processes of SCADA is the ability to monitor an entire system in
real time. This is facilitated by data acquisitions including meter reading, checking status of
sensors, etc that are communicated at regular intervals depending on the system. Besides the data
being used by the RTU, it is also displayed to an operator who is able to interface with the system
to override settings or make changes when 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.
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Real time control system is built across PLC and controllers. This integrated real time automated
control system quickly responds to compensate for any changes in the process. The SCADA

system just provides the HMI and supervisory that is placed on top of a real-time control system.

A SCADA system is composed of the following:
1. Field Instrumentation

2. Remote Terminal Unit (RTU)

3. Communications Network

4. Master Terminal Unit (MTU)

1. Field Instrumentation

It refers to the sensors and actuators that are directly interfaced to the pla

as the local system. It is

ariables. They communicate
with the control center at the lowest level of control hier
2. The RemoteTerminal Unit

It is installed at the remote plant a
act as a RTU. It gathers information frg
pumps, alarms, meters etc. Data i
temperature, humidity and power
RTU. It can survive thro @rse environmental conditions.

3. The Communicatio

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 keyboard. The MTU monitors information from remote sites and displays information

for the operator. The relationship between MTU and RTU is analogous to master and slave.

A typical master unit consists of a base processing unit, operator interface, power supply, modem,

input/output cards/relays, enclosure, battery backup, wiring terminals, lighting protection,
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programming and startup. The block diagram of a SCADA system is shown in the following
figure.

Example SCADA Architecture

Workstation Workstation

i

e —)

T Redundant LAN —|r; SCADA
Network

Historian

operate SCADA systems are robust and “failure aware”. The SCADA
ings to go wrong. It continuously monitors itself for signs of trouble. By running

most of the data acquisition and control employ similar redundant technology, so the personnel can
stay focused on recovery of service, not on keeping the SCADA system up and running.

The SCADA system can be programmed to monitor its major physical components and to
automatically reconfigure new “virtual” components as necessary whenever failures are detected.
Virtual remote telemetry units, for example automatically are redeployed to a functioning server
whenever a communication link server or a database server fails.
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Well Connected
A SCADA connects to third parties at both the process level(substations, signaling

equipments and valves), and at the application level(database, control and management functions).

Using standard communication protocols, standard media interfaces, SCADA can interoperatewith

a wide range of different telemetry systems.

Alarm functions

It can use voice recording to communicate alarm conditions over mobile phones and telephones,

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.

SCADA SOFTWARE(Intouch Wonderware)

spreadsheets or text editors.
Tag name data dictionary
The tag name data dictionary (runtiné database) is the heart of Intouch. At runtime it
contains the current valu the items in the database. In order to create the runtime
database, Intouch reg

variable must be

DCS, single or multi-loop controller or equipment. A tag typically may be a digital output,

or an analog output.
Memory type tag-names
These exist internally within the Intouch application. They are used for creating system

constants and simulations. There are four memory types.

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

> Memory integer —a 32 bit signed integer value between 0 to 2147483647
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> Memory real — floating point memory tagname the floating point value  between

+/- 3.4 E38

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

Creating scripts in touch

In touch scripting capabilities allows to execute commands and logical operations based on special
criteria being met for example a key pressed a window being opened, a value changing etc. By

using scripts a wide variety of customized and automated system functions can be created.

e Application scripts
o Window scripts

o Key scripts

e Condition scripts

o Data charge scripts

e Touch push button action scripts

MIMIC DEVELOPMENT

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

helps the user to get acquainted with the proGess and its working can be visualized by initiating the

process in mimic screen itself. This t ng mimics makes the job simpler for the use as

Developing the mimic cess depends on the P&I diagram and the process write up. A

process can be a very ¢

sub windows developed. This parent window must be such that it guides the operator to any part of

the process.

To simulate the temperature process control here the various blocks are obtained from the wizards

and pasted in the development environment. The blocks had properly assigned a tagname.

Each block is configured and then saved. The alarm conditions for this process are also given in

the proper locations.
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PROBLEM STATEMENTS
Problem 1

1. Switch on the lamp using Tag Name directory.

Figure 1: Scada Mimic for Switching the

If Switch == 1 then

Lamp = 1;
Else
Lampl =0;
Endif

Problem 2

2. Using the window scri

Problem 3

Start the process using a switch.
Increase the level in the Tank and indicate the level using a Analog Meter and
a Tag Name Display unit.

iii.  Stop the process when the level reaches 95 cms.
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S

iii.  When the level reaches a Set va?e, Sto the pump and start the Heater.
iv.  When the temperature he Fluid reaches a Set value, Stop the Heater and

Figure 3: Scada Mimic for batch process
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SCRIPTS FOR BATCH PROCESS
Tag Names Used
SW - switch to turn the process ON/OFF
Lmp — 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
Lmp=1

If level <=5 then

Pmp = 1;
Out = 0;
Heat = 0;
Endif;

If level > 95 then

Pmp = 0;
Out = 0;
Heat = 1;

=lev+1;
Else

If out = = 1then
Temp =0;
Lev=lev-1;
Else

If heat = = 1 then
Temp =temp + 1;
Endif;
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Endif;

Endif;
Else
Lmp =0;
Lev =0;
Pmp =0;
Heat = 0;
Out =0;
Endif;
RESULT:

A basic mimic is developed for a temperature process and it is simulate the intouch

wonderware environment.
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R(s) 8
B GC(S)
b C(9)

m(s)

Gp(s)

l L(s)

GL(S)

B

Figure 1. Structure of Feed Back controller

Gsp(S) .

m(s)

Feed forward control mechanism

Gp(s)

A 4

L(s)

GL(S)

Figure 2. Structure of feed forward controller
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Expt. No.
Date

DESIGN OF FEED FORWARD - FEEDBACK CONTROLLER AND
SIMULATION USING SIMULINK

AIM

To design and implement Feed forward and Feed Back controllers for the given proce
MATLAB software.

THEORY

Feed Back Controller

The feed back system has measured value of the cont 2 which is fed back to a

comparator. In the comparator, the controlled variable h the reference input (the set
point), if there is any difference, the controller will ta ive action in order to bring the
controlled variable to the desired set point. The structure of the feedback control scheme is shown

in Figure 1.

Thus feedback controller reacts onf etected a deviation in output from the set point.

Therefore the performance of the f ‘controller especially in the presence of disturbance is

comparatively not satisfactogy

Advantages

nsensitive to modeling error.
ive to parameter changes.

need for the ‘identification and measurement’ of disturbance.

Disadvantages

1 Waits until the effect of disturbance is felt by the process.
2 Unsatisfactory for slow processes.

3. Unsatisfactory for processes with large dad time.

4

May cause instability in the closed loop response.
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A 4

Gso(S)

GCl(S)

Gea(s)

Figure 3. Structure of Feed Forwar

Step

Figure 4. B

| —" =

L(s)

C(s)
—>

5

1

eed Back controller

10z+1

Transfer Fcnd

Transfer Fcn

2

[
| i

1

Scope

ram of the process to obtain open loop step response

L e — — T
F=t1 Sst+1
Stepi Transter Fon2 Transter Fon2
5 1
- FID - — - > (.
Gzt 105+
Step FID Contraller  Trapsfer Fond Transfer Fon Seope

Figure 5 Block diagram of the process with Feedback controller
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Feed Forward Controller

The feed forward control configuration measures the load disturbance directly and takes control
action to eliminate its impact on the process output. The structure of the feed-forward control
scheme is shown in Figure 2. It measures the disturbance directly and then it anticipates the effect
that it will have on the process output. Subsequently it changes manipulated variable by such an
amount as to eliminate completely the impact of the disturbance on the process output. Control

action starts immediately after a change in the disturbance has been detected.

Advantages
1 Acts before the effect of a disturbance has been felt by the process.
2. Good for slow processes.
3 Good for processes with large dead time.

4. Doesn't introduce instability in the closed- loop resp

Disadvantages

1. Requires identification of all possible dist
2. Sensitive to process parameter variation.

3. Good knowledge of the process model rgquired.

Considering the drawbacks of fe oller and advantages of feedback controller it

could be expected that a combi rd-feedback control system will retain the superior

performance of the controllers. The ure of feed-forward-feedback control scheme is shown

C(s)=G,(s)M(s)+ G (s)L(s)

ue M(s) required to keep output C(s) equal to set point R(s) is

M(S){ R(S) G, (9) L(S)}

G.(5) G,(s)

From the above equation the set point element and feed forward element are as below.

G, (s)
G, (s)

Feed forward element, G, (s)=
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dat 1 St
i
0.+ 0.6z+1
Step &ain Transfer Fond Transfer Fend
2 - 1
- — . —
E_‘ 4s+1 S5+ @
Stepi Transfer Fen2 Transfer Fen2
10s+1 3 - 1
Rk — s L
e At So+1 10g+1
Bain Transfer FerG Transfer Fen1 Transfer Fon Scope

Figure 6. Block diagram of the process with Feed Forward Controlle

det1 Setl
.II b 0.94s+1 0.5z+1

Step Sain Transfer Fend Transter Fend

2 1
E_‘ Azt st H

Stepd Transfer Fen2 Transfer Fen2
5 1
Sz+1 A0s+1
Transfer Fend Transfer Fen Scope

Transfer FenG

Pl Contraller

Figure 7. Block of the process with Feed Forward-Feedback controller

oller requires an exact model of the process and its dynamics. The load

as also to be measured.

Let G,(s) = >
(55 +1)(10s + 1)
GL(S) = ;
(4s+1)(5s +1)

Feed forward controller:
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1
G (s)

_ (4s+D)(5s+1)
2

_1 (4s+1) (5s+1
2 04s+1 0.5s+1

Gsp (S) =

2
G.(s) = G, (s) _ (4s+1)(5s +1) :g_los +1
G, (s) 5 5 4s+1
(5s+1)(10s +1)

To design the feed forward-feedback controller approximate the given seco

technique. The simulink block diagram to simulate the open lo pons

process with feedback controller, the process with feed forwa
Feedforward-feedback controller are shown in Figures 4
open loop and closed loop responses are shown in Figures 11 respectively.
From the open loop response, |
t; = 7.59 secs; t, = 15.86 secs.
T = 1.5(15.86- 7.59)

= 12.405 secs.

5 T T T

———— Input
4.5 Output |

a4l _

3.5 _

0 10 20 30 40 50 60 70 80 90 100
Time (sec)

Figure 8. Open loop response of the given process
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ty = t,- T = 15.86 — 12.405 =3.455
K,=5/1=5

G(s) = 5/(12.405 s+1).e%4%,

PI controller settings:

K.=0.9t/ (Kyts) =0.6463.
T;=3.33*3 =11.5167.; K;=0.0561

1.8 T T T T

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0 20 40 60 |

[ [ [

120 140 160 180 200

0

Figure 9. Closed loop & e process with FeedbackController

————sp
PV
""""""" Disturbance -

-1 | | | | | I I I I
0 10 20 30 40 50 60 70 80 90 100

Time (sec)

Figurel0. Closed loop response of the process with Feed forward Controller

80

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



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

: PV
18 e Disturbance ]
| - sP

1.4 _

0.8

0.6 |

0.4 B

0.2} 4

O L L L L L
0 10 20 30 40 50

Time (sec)

90 100

Figurell. Closed loop response of the proce
Controllers

INFERENCE

Feed back control takes control a fter the disturbance has been felt by the process. Feel

forward controller measures the disturisagice before it is felt by the process and takes the corrective

action accordingly. If Hy model mismatch or if the disturbance model is not perfectly

known, then the forwal fails. On the other hand, the combination of both feed forward-

0 maintain the stability as well as it is insensitive to parameter

software.
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Expt. No.
Date

SIMULATION OF A TEMPERATURE PROCESS USING LabVIEW
Aim:
To simulate a temperature control system using LabVIEW software and to study the PID

toolkit accompanying LabVIEW.

Introduction to PID control toolkit:

1. The PID toolkit adds sophisticated control algorithms to the instr

development system.

2. By combing PID toolkit with math and logic functio abvﬁw one can develop

programs for the control system.
3. The closed loop or open loop tuning procedur
4. The PID function implement wide range ) algorithms.
5. The PID control algorithms incorporate

- Bump less auto/manual transfer

- Anti reset windup

- Direct or Inverse a

- Manual outp

6. The PID control strategies gan be designed and I/O values can be scaled from
engineering units.to

7. The National

e=sp-pv

The controller action can be basically calculated as
u(t) = K. (e + 1/T; [ e dt + T4 * de/dt) + bias

The required bias is to be added with u(t). Here K, is the controller gain, T; is the integral time in
minutes and Ty is the derivative time in minutes. The PID VI’s implement the ‘position form PID

algorithm’. The process variable filtering minimizes the effect of noise.
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The controller output is limited to the range of specified controller outputs.
If

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

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

use an integral sum correction algorithm that facilitates anti-reset windup and

Anti reset windup is the upper limit of the controller output, for example

immediately changes sign, the controller output starts to change ropriﬁly in view of anti-

windup feature. The algorithm prevents abrupt controller output when it is switched from

manual to automatic mode.

Reverse action is the normal controller mo controller output decreases as

process variable increases. Switching to ‘hold’ mode or nual’ mode freezes the output at the

current value of the input. All transfers are umple@ These PID VI’s can be called from inside a

‘while loop” with fixed cycle time.

PID VI:

The PID VI is the basic P

variable, manual control*

orithm. The PID VI has inputs for set point, process
parameters. The PID parameter input is cluster of three values
proportional gain (K me (T;) and derivative time (Tg4). The ‘options’ input specify
Id, PB/K., Auto/ Manual and Reverse/Forward. The Boolean input
e controller output at current state. The Boolean input PB/K. specifies

nal input parameter is the gain (K) or proportional band (PB). Gain is related

K= 100/ (% PB)

Additionally the ranges for set point and controller output can be set.

Trapezoidal integration is used to avoid sharp changes in integral action when there is a PV

or SP jump.
UiK) = Kd TiX[{e() +e(i—1)} 21 *At [1/{ 1+ (10 * e(i®) / SP 1))}

whereSP,q = set point range.
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Because of the abrupt changes in the set point only filtered PV is applied to derivative action
instead of error ‘e’ to avoid derivative kick.
ug(K) = -K; Tg/ At { PVi(K) - PVi(k-1)
Now the controller output is
U(K) = up(k) + ui(k) + uq(k)
where
up = K¢ * e(k)

The PID software VI:
This VI calculates the analog value of the process variable and set p

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

Set point

Processvariable — PID

Manual control

G Jd/dt

PID parameters

options

Iteration

ure 1. The PID software VI

controller output value.
cluster of Kc, Ti and Td where Kc is proportional gain, Ti is integral time in

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.

1.
2.
3.
4.
S.

Hold (F), when “true’ places the controller in hold mode. Reset action stops and output

freezes.
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6. Auto (T), if ‘true’ selects automatic control and places the controller in manual mode
when’ false’. Bumpless transfer is used from auto to manual.

7. Proportional band(F), selects whether the proportional value of the PID parameters
input is proportional gain or proportional band.

8. Reverse acting(T), if ‘true’ selects reverse action, the usual mode for controllers.

9. Betais relative emphasis of disturbance rejection to set point tracking.

10. Linearity sets the linearity of error response, ranging from zero to one. ‘1’ gives a plain
linear response, while “0.1” gives an approximately parabolic (square law) response.

11. dt(s) is the interval in seconds at which the VI is called.

Iteration is the control loop iteration value.
Output is the output of control algorithm.

Exercise problem:

G(s)=Ke™ (ts+ 1)
Where K =77, t=1 min and td = 0. Design a PID contr
Procedure:
1. Construct the front panel and block diagram as shown in Figures 2 and 3.

Enter the PID parameters.

2

3. Give a step change in set pg
4. Runthe VI and check t

Result:

Thus a temperature control sy is simulated using LabVIEW software.
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Figure 3.LabVIEW Block Diagram for Temperature Process
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DESIGN OF INVERSE RESPONSE COMPENSATOR AND SIMULATION USING

SIMULINK
AlIM
To design and implement a inverse response compensator for a given process using
simulink.
THEORY

The dynamic behavior of certain processes moves in an opposite direction initi

eventually ends up for a step change at its input. Such behavior is called inve

require special attention.

INVERSE RESPONSE COMPENSATOR
There are two very popular ways to control systems with
1. PID Controller with Ziegler Nichol’s tuning.

2. Inverse response compensat

1. SIMPLE PID CONTROL

From all types of feedback contr Iy PID can be used effectively because of the simple

reason the derivative control m by its nature will anticipate the “wrong” direction of the

system’s response and de the proper corrective action to limit (never eliminate) the
inverse respons

INVERSE 3 MPENSATOR:

transfer function. Figure 1 shows conventional feed back control of process with dead time.
DESIGN AN INVERSE RESPONSE FROM TWO FIRST ORDER SYSTEMS

G(s):( K K ]
1,5+1 1t,5+1

Figure 2 two opposing first order systems and Figure 3 gives the individual response and overall

response of the first order systems.
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PROCESS 1

K
7,5+1
— CONTROLLER + OUTPUT
Ysp S
(s) g o R Y(S),
T,5+1
PROCESS 2

FIGURE 1. CONVENTIONAL FEEDBACK CONTROLLER OF PROCESS INVERSE RESPONSE

PROCESS 1
K
T,S+1

FIGURE .2 BLOCK DIA 1 OF TWO OPPOSING FIRST - ORDER SYSTEMS

Response of process 1
-

-
-

Overall response

> ¢

Response of process 2

Figure.3 Response of process 1, process 2 and overall response
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TABLE.1 SYTEMS WITH INVERSE RESPONSE

1.Pure capacitive minus first-order response

G(S):ﬁ— K, _ [kot —kiIs +k,
s t15+1 s(t,s+1)
For k,t, <k K
o ' z (k,t, —ky) =

2. Difference between two first-order responses

G(s) = K, _ K, _ [T, =k rls + [k, — K, ]
1,5+1 1,541 (t,5+1) (t,5+1)
Forll>ﬁ>1 z--_Ki=ka)
T, k, (kyT, —k,1))

3. Difference between two first-order responses with dead time °

ke™ k,e™”
1,5+1 - 1,5+1
For k, >k, and t, >t, >0

G(s) =

4. Second order-minus first order respon

Ky __k
1°8? +28ts+1 1,5+

G(s) =

For k, >k,

5. Difference between order responses

K,

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

G(S) B kle—tls kze—tzs
128% +28,1,5+1 158% +28,1,5+1

For kK, >k, and t, >t, >0
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The transfer function of the overall system is

V(s)z( Kk ]f(s)

1,5+1 rt,5+1

V(S) _ ([kltz -k, Is+[k; - kz]] 1_:(5)

(t;s+1) (t,5+1)

We have inverse response when initially (at t =0+) process 2 which reacts faster than process 1 (i.e

k, k . . .
—L > 1) dominates the response of the overall system, but ultimately process 1 reaches a higher
T, T

steady-state value than process 2 (i.e k; < k,) and forces the response of the overa
opposite direction. Figure 3 shows the inverse response of the overall system.

T k
when, L1
T, 2

The open-loop response of the system is

[kit, —k,1,]e

Y(s)=G, (s)(

It has a positive zero at the point,

To eliminate the inverse response i to eliminate the positive zero of the above open-loop

transfer function. This if in the open loop response V(S) we add the quantity V(S)

given by,

=Gc(s)k( L1 ]Y_sp(s)

1,5+1 1,5+1

Y (6)=Y6)+Y (s)

V*(S) =G, (s) [kit, — Kk, ]+ K(ty —7,)s+[K, -k, ] Y_sp(s)
(t;s+1) (t,5+1)
K> (Kt —ky7,)
(t; 1)
We find that the zero of the resulting open loop transfer function is non positive.

B k, —k, <0
(kT —K,1y) + K(ty —75)
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PROCESS 1

Kl
1S+1
CONTROLLER + OuTPUT
Ysp(8)® o . Y(s),

KZ

+—K( 11_ 11 1 15+1

' TS+l TS+
YL~ - PROCESS 2

Predictor and the actual compensator of the inverse re

1

Gcompensator = K(TZS 1 -

PROBLEM
Design an inverse response for the
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CALCULATION

PID settings:

Ku=10.5;

Pu=5.73

Kc=0.6 *ku
Kc=06*05=0.3
T, = pU/2
T;=5.73/2 =2.865
Tq=pu/8

T4 =5.73/8 = 0.71625

FIGURE 1. BLOCK DIAGRAM OF CONVENTIONAL FEEDBACK CONTROL OF PROCESS WITH INVERSE RESPONSE

P
2s+1 § Y

Step PI Controller Transfer Fc
Kc=0.3
Ti=2.865

Td = 0.71625

FIGURE 5. BLOCK DIAGRAM OF FEED BACK CONTROL OF PROCESS WITH INVERSE RESPONSE COMPENSATOR

12
a PID » o P
2s+1
Stepl PI Corigol Transfer Fcn2
9
» —
L
s+1
1 Transfer Fcn3 4 l:l
—p  —
s+1 ) g Scopel
Transfer Fcn4
Gain
1
Lp —
2s+1
Transfer Fcn5

%
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FIGURE.6 PROCESS WITH INVERSE RESPONSE /WITH INVERSE COMPENSATOR
12 T T T T

RESULT

The inverse response compensator of a given has been obtained.
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Expt. No.
Date
(b) STUDY OF BIO SIGNALS

Aim:
To obtain and analyze the bio signals such as ECG, Pulse Rate from an EPR system.

Equipments needed:
EPR system, Digital Storage Oscilloscope (DSO)& appropriate electrodes& sensors.
Theory:

An EPR system is for monitoring three parameters namely ECG, Pulse andeRespiration

rate.
ECG System:

The Electrocardiography deals with the study of the electrical activity of muscles.
The potentials originated in the individual fibres of the heart mus ided to produce the
ECG waveform. Electrocardiogram is the recorded ECG wave pa Electrocardiogram reflects
the electrical depolarisation and repolarisation of the myocardit, nuscles) associated with
the contractions of the atria and ventricles. The shape, time i nd amplitude of the ECG
detail the state of the heart. Any form of arrhythmia (d in the heart rhythm) can be
easily diagnosed using electrocardiogram.

Peripheral Pulse System:

It is the series of waves of arterial surecaused by left ventricular systoles as measured
in the limbs. Pulse rate is the number
limb. The normal rate per minute is_6C
non-invasive method of measuring
Light Emitting Diode (LED) and L

the subject’s body usually a fing

Procedure:

of ring electrodes to the system.
waveform on the DSO through the corresponding amplifier output.
utput of peripheral pulse sensor to the pulse system.

heart rate In beats per minute.

From the pulse waveform calculate the time difference between any two peaks and calculate the
pulse rate.

Result:

The ECG and Pulse waveforms are obtained from an EPR system.
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Elements of ECG:

QRS

I Complex i

R

PR Interval

QT Interval

Waves Amplitude Origin
(mV)

P wave 0.25 Atrial Depolarisation

R wave 1.6 Repolarisation of atria and depolarisation
of ventricles

T wave 0.1t0 0.5 Ventricular repolarisation
(Relaxation of myocardium)

U wave <0.1 0.2 (T-U Interval) Slow repolarisation of Intra ventricular
(Purkinje Fibres) System

ST Ventricular contraction
Interval
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Date

STUDY OF PLC (GE FANUC make)
AIM

To study the functions of GE Fanuc PLC and control of Bottle filling system using PLC.

APPARATUS REQUIRED

1. PLC & VERSAPRO SOFTWARE
2. Bottle Filling System Controller Kit
3.PC

4. RS-232 cable

5. Patch-Chords

BOTTLE FILLING SYSTEM

lle & moved to next bottle,

operations is maintained

will open which is depends upon the output value of two sensors. We will set into particular time-

delay in PLC, after the time delay, solenoid valve will move into close position, which is depends
upon the average value of time to fill the bottle. Simultaneously, stepper motor starts now then
rotate the platform, whenever the two sensor will sense then stop the stepper motor and solenoid
valve will open. This process is going on continuously upto reach the low level of liquid in process

tank then starts ON the motor.
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HARDWARE USED
FLOAT SWITCH

It is a sensor, which is used to detect the water level. It is a magnetic type sensor water
level is below the sensor means the sensor output is low. The sensor output is high when the water
level is equal (or) above the sensor. We are using two float switches, first one is used to detect the

low -level & another one is used to detect the high-level of liquid in process tank.

STEPPER MOTOR

It produces the liquid rotating motion to bottle filling system, Stepper moto
which can be excited with DC current to run the motor in clock-wise d
direction, we will change the phase sequences coil-1, coil-4, coil-3 & coil-2. Fout coil of stepper

motor are arranged into rotating for step-wise movement.
Step angle = 360 / Nsx NR
PROXIMITY INDUCTIVE SENSOR

This sensor connected vertically detects the pgesence of bottle on the platform. It

monitoring the proper movement of bottles on the platform and indicates the during failures. This

sensors also eliminated the air gap between hottle and sensor.

POSITION SENSOR

It is nothing but, opto-cou nsor is a Bottle position-sensor. It senses the exact

position of bottle-mout be cut the gap of opto-coupler sensors. Then bottles have to be

filled up which are pro r a certain delay. The delay between the platform rotation and

solenoid valve e eld simultaneously whose failure is detected using the position sensor.

tioned above of the bottle mouth. Filling process of liquid in bottle is carried out
noid valve. Solenoid valve is excited with a supply of 230V. On excitation, liquid
passes through the valve for the time programmed and till up the bottle. After tilling of one bottle
is finished solenoid valve is de-excited to stop the flow of liquid. A device is introduced in between

one DC excitation and the next excitation is after positioning the bottle.
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WIRING DIAGRAM

BOTTLE FILLING SYSTEM

A A A

[ “
l

c 0 ¢ 0 o o o o

L I ! Iy Iy lg I k
INPUTS

a0
I NPLT| QUTPUTS
24V |-33 24y E!C

a70

AMYTYPEOF PLC Qsc

0,0

ouTeuT

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

102

O+
$ 24V
o B
o | BPI
o |
o |HL
O | 5w
O | MOTOR BOTTLE FILLING SYSTEM
TRAINER KIT
? COM
O | N1
O
STEPPER MOTOR
Q | N3
o | N4



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

103

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



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

104

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



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

LADDER LOGIC PROGRAM EXPLANATION

In automatic bottle filling system, in rung-5 we will connect the program then
automatically start the motor because %10003 & 10004 are normally closed contact. It is in high
level of liquid in process tank, motor will stop, because the will get open contacts. If the Bottle
sensor & Bottle position sensor’s output are in high-state, when %MO0001 [Open coil] are
energized in rung-1. In rung-2, %Q0005 [Open coil Q5] energized now, because of %M0003 [M3-
Memory] is closed contact. That means, output Q5 coil is solenoid value, hence solenoid value

opening now.

In rung-3, decided the time-delay of solenoid valve open/close positi
DELAYTIMER in rung-3, after reach the preset value or time-delay %MO00

position & Q0005 will more to de-energization.

In rung-6 designed for stepper motor rotation
[Solenoid valve] will move in OFF state. In rung-8, a atically timer will function, opto the
preset value time-delay. Because ON-DELAY TIMER is connected on directly in rung-8.

%MO0004 [M4-Contact] opencontact will into close contact, due to %MO0004 [M4-coil]

energization in rung-8. In rung-7 u ctioning now, counter will incremented by one,

whenever the ON delay timer w nce we have four coils, so we store the preset value
to our. After completion of 4 coun p-counter is resetting now, the input or SNX is given

through up counter regi 030]. SNX is to incremented the starting register [SR] in array

more function. The r will be more to P1 and incremented till Q4 [Fourth coil], that

means four coil g to counter, hence the stepper motor starts rotating. The rotation of

n Q6 is low as 11 & 12 are high. This operation is repeating in these

Thus functions of GE Fanuc PLC are studied and bottle filling system is controlled.
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PC BASED CONTROL OF AIR FLOW/PRESSURE USING V-MAT DATA
ACQUISITION CARD
Aim
M 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],
patch chords.

# The ADC allows the digital system to take in information from
the process]. The digital system [PC] can now rapidly analyz

# The DAC allows the result of such analysis to be co k to the analog system

(process control simulator)

A D
D PC A >
C C

PROCESS

A

Figure 1 General Block Diagram

INTRODUCTION TO VMAT-01

In every educational field most of them are familiar with matlab because it is the
environmentto develop any algorithm easily. Our real time MATLAB interface card(VMAT - 01)
that allowsyou to interface with MATLAB for controlling real time applications. We can
implement ourrequired 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

simulink,Orcad simulation software. Based on advanced Risc Micro controller, a useful tool for
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researchers to interface their hardware with MATLAB to research in the fields like processcontrol
loop, DC - DC converter, DC motor controller, control Engineering etc.,If we want to design this
type of closed loop algorithms in any digital controller or some othercontrollers it is so difficult
than MATLAB. Using our real time interface card (VMAT - 01) wecan gather real time signals
and define our control technique in MATLAB then transfer thecontrol 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 Motor control Ap
* 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 DESCRIPTION
Serial Port Interface - Interface PC and VMAT - 01 unit through RS232 cable.
5V Adaptor - To give supply to the unit '
GND - To connect the GND terminal. °
ADC - To give the ADC input (0 )
DAC - To measure the DAC output

VMAT -01 card use the vi write block.

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.

108

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



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

VI_WRITE
Above figure of vi_write is used to transfer the data to our VMAT-01 card. The main thing
is we need to define our switching frequency(switching Time) of the pulse width

modulation(PWM) signal. DAC terminal is used to control the output voltage of digital to analog
converter from VMAT - 01 card.

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

=51

For getting 1v output we have to give the input 4 as 51.

PROCESS CONTROL

5/255
>

Scope 1

switching freq

Vi_Write

Constant 10
128

Constant12 .
m Constant 11

PID Controlle

Step 1

L)

Vi_Read
imulink diagram of closed loop control
Procedure
1. ulate'the contrafter parameter for the given process using synthesis formula Kc=1c¢/Kr;

gfe tc=closed loop time constant and t=open loop time constant of process

t the RS232 serial port with the PC and VMAT-01 real time MATLAB Interface

card.

Connect the 5V power supply to the VMAT-01 real time MATLAB interface card.
4. Give your feed back voltage to the ADC terminal. That must be in 0 - 5V range.

5. Take DAC output from the VMAT-01 card.

6. Configure the simulink diagram as shown in figure2 and execute it for various values of
setpoint change and comment on the results
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FRONT PANEL DIAGRANM

RS 232
INTERFACE %

5V SUPPLY &

» GND

» PWM OUTPUT ¢
> PWM OUTPUT
= DAC OUTPUT ([
- ADC INPUT (D-5

Figure - 1

Result

Thus a process is interfaced with PC using VMAT -01 and closed loop control is achieved.
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STUDY OF DCS

Aim: To study the features of Yokogawa DCS
To control the level process using DCS

Distributed Control System

elements are not central in location (like the brain) but are distributed thro
system with each component sub-system controlled by one or more controll

entire system of controllers is connected by networks for commu monitoring.

DCS is a very broad term used in a variety of industrie jtor and control
distributed equipments.

A DCS typically uses custom designed pr ' trollers and uses both
communication. Input and
output modules form component parts of the DCS. T rocessor receives information

from input modules and sends informatign to ogtput modules. The input modules receive

valves are wired to the FCS.
O S(Operator Station):

Used to monitor the process and operate various instruments.
Communication Bus:

Used to communicate between the FCS and the OPS
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Supervisory computer

C ) Ethernet -~
HIS - |PFC PFCD
L L
nimnl
uig oo
c VLnet ] ] Vinet o

HIS: Human interface station
PFCD: Control station

CGW: Communication gateway unit
VL net: Control bus

Ethernet: Informational LAN

CENTUM is the generic name of Yokogawa’s distributed control systems for small- and
medium-scale plants (CENTUM CS 1000), ap#l for large scale plants (CENTUM CS

3000)

The system has one domain and 64 FCS is FCS0101 (meaning first domain,
first station) and HIS0164 (meanin main 64 th station).

Features of CS3000

le controller.
ost-effective and capable 1/0 subsystem.
uman Interface Station)
The operator station based on Windows XP or Windows2000.
(Both are selectable.)
= HIS provides easy & flexible operation.
ENG (Engineering Station)
= Engineering Station is used to do the engineering builder for all the
stations like HIS, FCS, CGW, BCV etc. ENG is a PC loaded with
Engineering software.
= The HIS can be loaded with engineering software so that it can be
used as HIS as well as ENG.
o CGW: Communication Gateway Unit used to communicate with
supervisory computers.
o BCV: Bus Converter is used to link two domains.
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e CENTUM CS 3000 - Networks
o V-Net (Communication Bus)
= Real-time control bus.
= V-NET is a used for communication between HIS, FCS, BCV &
CGW.
=  Maximum 64 Stations can be connected on the V-net.
o ETHERNET (Communication Bus)
= Ethernet is a standard network in CS3000 to connect HIS, E
and supervisory computers.
= Transmission speed: 10 MBPS

« FIO
o FIO means Field network 1/0.
FIO is Process 1/0 modules.
o Akind of compact, cost-effective, reliable 1/O devi
industrial standard 1/0O of next-generation.
o FIO includes the latest network technologies an
e FIO System Specification for FFCS (Compact Fi

o

= Dedicated Internal Bus

= Speed : 128 Mbps
= Distance in Total: Max. 10m

o Remote I/O bus (ER bus)

= Based on Ethern
= Speed : 10 Mbps
= Distance in tetal;
max. 2 km

= Upto
o Pair & Spare CPU Con

e2 -> max. 185m/ 10base5 -> max. 500m
r (Standard of Ethernet)
s can be installed on a FFCS.

Input /Output Modules

DV151 32 Ch24VvDC input, Common minus side every 16-channel
ADV551 32 Ch24VDC,0.1A, Common minus side every 16-channel

o Serial Communication Module
= ALR111 RS232C
= 2 ports, 1200bps to 115.2k bps
= ALR121 RS422/RS485
= 2 ports, 1200bps to 115.2k bps
o Ethernet Communication Module
= ALE111 Ethernet Communication
= Installable both on Local and Remote Node
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e Subsystem Packages List
o RS Communication (ALR111/ALR121)
= YS Communication
= YS Directly Communication

= FA-M3
= Modbus
= SLC500/PLC5
= MELSEC
o Ethernet Communication (ALE111)
= FA-M3
= Modbus

= SLC500/PLC5
= Control Logix
= MELSEC
o Foundation Field bus Module (ALF111)
o FF-H1 interface card
Redundancy
Installable both on Local and Remote n
VCR (Virtual Communications Rel
Both pressure clamp and terminal b
o Link Master
Human Interface station
The Station for Real tim
Operation Windows
Information regarding the process i
Standard Operation windows on th
o Tuning Wind
Control Grou
Trend Window
Process Alarp

(0}
(0}
o) per port (one segment)
(0}

Plant Menitoring/Operation

well as monitored by the following

Report Window
istorical Report Window
iew Window
Overview Window displays the overview of the current process status.
Information regarding the process is distributed among the various display
blocks.
32 Display Blocks per Overview Window.
Each block gives dynamic information regarding the process.
Double click on the display block for more details.
3 Types of Display Blocks
Single Tag Block
Window Display Block
Comment Block
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e Process Report Window

o Historical Message Report Window

e Sequence Tables

e Logic Charts

e System Status Window

e System Alarm Window

e SYSTEM ALARM WINDOW displays the latest 200 system alarms. Alarms ca
be acknowledged either as a Group or as Individual alarm.

e Navigator Window

Block diagram

T Setpoint

. ——

Setpoint 1 Ch-1 0/p
E DCS doamd , e > > Process-1
i | controller | Converter " "
‘_..
Setpoint 8§ Ch-8 ofp
(4 to 20mA
Ch-8 i/p Ch-1i/
P > Transmitter
i
1
1
1
1
1
i
Control
> » Process-8
valve
(4 to 20mA) .
Transmitter
Distributed Control System
------ e 1
1
1
1 1
1 1
1 1
1 1
1 1
: A + i +
T + D 1
1 T
(4020 mal WV [{wsv D controller A @t020) I/P
i Converter CP451 i mA Converter
| - C C
1 1 h
1 1
1 1
1 1
1 1
| :
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Procedure
1. Power on the system
2. Goto AUEIE login

3. Goto Start — Programs - Yokogawa Centum - System view [system view screen will
open]

File Edit Wiew Tools Load Project FCS HIS Help

w|m| & X|4|Bl@|m| 24| =l

7 2lm) Al

Al Folders [Orened Folder : NODET
=-C0 SYSTEMVIEW Hame | Type | Modified | Comment
=B, AUEIE A8841-5[B-Channel Yoltage Input &-Channel Current Output, MAC2 Compatible)  2013/02/02 09:33
=1 COMMON ADW151-F(32 Channel Status Input] 2013401430 14:43
(0 MaTAIX ] 3s0vES1 P ADWEST-P[32-Charinel Status Dutput] 2013/01 /30 14:45

=3 Fosmol
(23 CONFIGURATION
(1 SEQ_LIBRARY
= 3 10M
= [
(22 sWITCH
(20 MESSAGE
{23 FUNCTION_BLOCK
= (10 DISPLAY
= HISOB4

Fig.1
Stepl: IOM builder
Goto AUEIE - FCS0101 — IOM - node 1

1. Click on node 1.
2. The analog 1/0 and digital 1/0,modulg
Open AAB841-S by double

setting item Icon to see® )el column

»will appear in the right side [Fig.1]

cking over it. Press Show/hidden detailed

3. Configure the re 2| with nomenclature as %%IXXX for input and

%9%OXXX for outputy

.
T A 8 5E s e @ - 2/6/2013 10:22
[ Fcso1o1l LEFT  Stand-By B B

|0/ Builder - [Pjt: AUEIE Stn:FGS0101 Train:t Node:1 File:1 AAB841-5.edf]

the Label column [Refer Fig.2]

NAME

B Fle Edt view Tools Window Help

Bl sl ssal- |0

Ttezl Terminal| Signal L:vlce Conment Low Liwmit|High La.ma.t‘ Unit ‘ get Details PSID Tag Neme Labe
pecify $2011101 | Input 1 5 ¥ o $8ILTL
shel. $2011102 | output 4 20 md Direct Output $30CYL

52011103 | Input 1 5 v o $5ILTZ
%Z011104 | output 4 20 ma Direct Output 2R0CVI
52011105 Input 1 5% o 551173
» | 2011106 output 4 20 wd Direct Output
%2011107| Input 1 5 v o RBTLTY
52011108 | Sutput 4 20 wd Dirsct Output 30074
52011108 | Inputr 1 5 ¥ -3 $5ILTS
22011110 output 4 20 ma Direct Output #B0CVS
82011111 | Input 1 5% o $8ILTE
$2011112 Output 4 20 ma Direct Output RBOCVE
52011113 | Input 1 5V to $51LT7
52011114  output ! 20 wa Dirsct Output $500v7
52011115| Input 1 57 o 851018

Fig.2
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4. After configuration, goto File and download.
5. Give Ok in Downloading confirmation dialog, so that Equalize completed

successfully message will appear.

Step 2: Control drawing
Goto AUEIE - FCS0101 — Function block [drawing pages will open]

Note: 200 drawing pages were there.

1. Select a page for control drawing

2. Goto Insert —Function block-Regulatory Control Blocks- C

3. Place the PID block in the drawing page and Give suita
LIC1101

4. Again Goto Insert- Function Block- Link blo

5. Place the P10 block in the drawing page
IOM. E.g %%ILT1 [Input from the fie

6. Place another P10 block in the drawing page a
in IOM. E.g %%OCV1 [Ou ae field]

7. Choose wiring Icon [or Ge wiring] and connect as shown in Fig.3

ame as configured in

d Give Tag name as configured

Jejoja) o] 21T Blolal £l i
El =] Blz]o]]

Fig.3

8. After drawing, goto File and download.
9. Give Ok in Downloading confirmation dialog, so that Equalize completed

successfully message will appear.
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Step 3: PID tuning:

In the control drawing page, goto Name Icon and give the Tag name of the
controller. E.g LIC1101 in Input Window name.

RS w5 EHde{ e @ e 3/5/2013 12:08
| DataBase Equalize Complete = %
(3
S|u|@| Sl o|=le| Eelal@| s -] @l v Blae|All ks
[ =) || =] s ‘ =1 =|@| T
ECPSTAT (TR COMAF A IV TSR LT YT TR ECCT T ECTWR T CETW TR ST Sy ® Lic2101 [ e S

Tag Hame
1cz101

LIC2101

SPHERICAL TANK CONTROL

Fig.4

The face plate of PID will appea
displayed parameter valu
new value and press entg

Refer Fig.4]. In the face plate, to change the
ekit. The data entry box will appear. Type the
w data value will be displayed.

Block Mode Chang

Clicking the, block ghode display area with mouse will display the block mode
change opera log box to change the block mode. There are three basic
block mo 1D controller, namely

UT: AltSmatic mode
CAS;: cascade mode.
he block mode can be changed by operating the dialog box. If security level
oesn’t permit to change the mode, Goto User-In dialog box and switch to
engineering user [ENGUSERY] to change the PID parameters, alarms etc.
Step 4: Trend Window: To see the trend

Trend recording function of HIS acquires data from the field control station and

displays changes in the acquired data in a graphical format of parameter versus
time.
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Trend Structure: Trend recording function has a three layered structure as Trend
Block, Trend group/window and Trend point/pen window. There are 50 Trend
Blocks [Note: 8 Blocks allotted for Real Time Trend], each Block has 16 Trend
Groups and each group can display 8 data graphically.

To assign the variables for Trend point/pen window, Goto HIS0164 and click
configuration. The trend Blocks appear in the right as TR0O001, TR0O002 like wisge.
Suppose we are selecting TR0O001 [i.e., first block] and Group 1 in thg
assigning pen variables, to see the Trend, call the Name Icon and type T
meaning Trend Group referring first block-01 and first group-01. Th
are assigned as Tagname.variable name [For e.g., LIC1101.PV fok
variable display of PID controller with Tagname LIC1101] {Refer Fig.5

. N
o B | B | 55 o | @] e
DataBase Ecqualize Complete j
=
= x| 8 |e|e|e) o [ pxfE [ 2clmm o
[FTFaders [Brened Folder EDNFIE‘UTF:::DN

= (3 SYSTEM VIEW
= S, AUEIE

ey Ton Fuilder — [pc-iusin THISOlea Fale:TRODOL. =azl

(1 CONFIBURATION
=+ ([0 SEQ_LIBRARY
= 1 1oM

0 swiTcH

(0 MESSAGE I
+ 3 FUNCTION_BLOCK |/
= (3 DISPLAY

=2 HISoEs £

3 CONFIGURATION |4
0 WAND O

3 HELP

[Ell Fi= Edt view Tools ‘indow Heip
o

= Sl sme| @

Boqaisivion Daca

e e e o o ol e Lo o)

Block Number and Format 1 Continuous and Rotary Type 2880 = lsec

Acquisition Data Axis Low limit High limit Data type
Data Span Change  walue walue

oo perauic

2z LIc3101.5V

Default

3 LIc3101.Mv Default

4  LIcz101.PV Default

n E = B

5  LIcz101.sV Default

%
i 58| | | )| | || 20| |

ete

| SajeE A
Biio.o

Fig.6

Result: Thus Level process control is studied through DCS.
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Pin Assignments for the 68-pin 1/O connector on the PCI-6023E, PCI-6024E, and
DAQ Card-6024E.

ACHS |34 |B8| ACHO
ACHT | 33| 67| AIGND
AIGND |32 |68| ACHS
ACHIO | 31|65 ACH2
ACH3 30| 64| AIGND
AIGND (29| 63| ACHI
ACH4 28| 62| AISENSE
AIGND (27| 61| ACH12
ACH13 | 26| 60| ACHS
ACHs (25|59 | AIGND
AIGND (24| 58| ACH14
ACH1S | 23|57 | ACHT
DACOOUT (22|58 AIGND
DAC{OUTY (21 (55| AOGMND
RESERVED |20 |54 AQGHND
DI04 [19] 53| DGND
DGND | 18|52 DIOO
Dot (1751 Dlos
DIos (16|50 DaND
DGND | 15| 49| Dioz2
+5 W [14(48| DIOT
DGND | 13|47 | DIoAa
DGND | 12|45 SCAMCLK
FFRIOTRIGT |11| 45| EXTSTROBE®
PFH/TRIGZ |10|44| DGMND
DGMD | 9 | 43| PFIZ/CONVERT
+oV | B |42| PFIZGPCTR1_SOURCE
DGND | 7 | 41| PFI4/GPCTR1_GATE
PRIS'UPDATE" | & | 40| GPCTR1_OUT
FFIBMWFTRIG | 5 | 39| DGND
DGMND | 4 | 38| PFI7/STARTSCAN
PRI9/GPCTRO_GATE | 2 |37 | PFRI/GPCTRO_SOURCE
GPCTRO OUT | 2 | 38| DGND
FREQ_OUT 1135 DGND
1 Mot available on the 6023E
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General Block diagram

P b Supply
pressure
. D '
3 I"ifﬁl‘}"g A Vi y 1P Control
C card C Converter Converter valve
(0 to3V) 4to 20mA 3 to 15 psi
0 to5V) ( ) ( psi)
v (to20mA) Pressure
Converter transmitter
P&ID of Pressure Process
PRESSURE PROCESS CONTRO
PIC +#— SP
AIR INPUT
PV To Vent
O
MUFFLER
RV e HV1
G3
Process Tank
Control valve

Technical Specifications of Pressure Process

Pressure tank capacity: max 70 psi
Control valve: Air to Open
Pressure sensor: Piezo-electric type
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