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Lecture#3-Process control and instrumentation

Development of Block Diagram

Each block in Fig. 8-2 represents the functional relationship existing between the input and output of a
particular component. In previous chapters, such input-output relations were developed in the form of transfer
functions. In block diagram representations of control systems, the variables selected are deviation variables,
and inside each block is placed the transfer function relating the input-output pair of variables. Finally, the
blocks are combined to give the overall block diagram. This is the procedure to be followed in developing Fig.
8-2.

1. Process

Consider first the block for the process. This block will be seen to differ somewhat from those presented in
previous chapters in that two input variables are present (Ti , q); however, the procedure for developing the
transfer function remains the same. Consider constant flow rate inpuut w (mass/time) in your solution
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2. Measuring Element

Pressure indicator Flow rate indicator

Temperature indicator

Liquid level indicator

The temperature measuring element, which senses the bath temperature 7, and transmits a signal 7}, to the controller
(comparator), may exhibit some dynamic lag. From the discussion of the mercury thermometer in Chap. 4, we
observed this lag to be first-order. In this example, we will assume that the temperature measuring element is a first-
order system, for which the transfer function is
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3. Comparator
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4. Controller

Temperature controller Pressure controller Flow rate controller

Note:



E(s) | P(s)

Ge(s) Y]

* The input to the controller is the error signal E(s).
= The output from the controller could be hydraulic, pneumatic, or an electric signal.

v" The principle work of the controller is manipulating the error signal in such a way to reduce or eliminate the error signal.

There are many types of controllers that are used in industrial processes. The controllers can be classified according to their
actions as follows:

. Proportional controller (P)

. Integral controller (I)

. Derivative controller (D)

. Proportional-derivative controller (PD)

. Proportional-integral controller (PI)

. Proportional-derivative-integral controller (PID)
. On-off controller

~NON NN~

Here, we consider a proportional controller, and the output signal is pneumatic P(s). Therefore, the transfer function of the
controller G¢ (s) will be expressed as follow:

E(s) | P(s)

Ge(s) >

P
Ge (s)—Egg =K,

5. Final control element (control valve)

Control valve Solenoid valve Variable transformer

The final control element could be a control valve (operates pneumatically), solenoid valve (operates electrically), or
variable transformer (operates electrically).

Here we will consider control valve. Therefore, the input to the valve is pressure signal.

The output from the control valve will adjust the manipulating variable (i.e., heat input, Q)
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Global representation of a closed-loop system for different controlled variables

Generally, the closed-loop control system for any process can be expressed as shown in the figures:
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Example: For the liquid level system shown below find the following:

1. The transfer function of the process.

2. Sketch the signal flow block diagram.

3. The transfer function of H(s)/Hsp(s).

4. The response of H if a unit step change occurs in set point and sketch it.
Use the following information in your solution:

A=1 m?, R=2, g= 10 liter/minute, V=5 liters, G\=1.5, Gn=1, G=1

Sol\uXilowne

\
N
R
N
AN
*
o - e ® - ,\
)

@ \Awg\—amJ(‘) stMle mass balawnc e f

v 0 and  awl< I —

In —onwk = Acc-
£ =P = M _ drhh

Ak
S\\V\CC f 'e— P‘ ave Cav\s\»o\wxg

k(? "%) S(A ———

' pdh h
7.' - ?‘ At_
S Ynee

Po= o
: h
I

df sk ot
. h
+ s z —,7{5— =*h d( -~ o — Q@

.9 (h=hs) _, d(h=hs)
(ﬂﬁ’ -(}"5)" I{ = h A @

pdh _ ©

,e.

l




Q=% —Fs
j/ Sub- Vado ET@

H=h-hs
_Ho_pdP
Q-x=F 0
Ra -+ _ A H
e
aH _ _H
R S Ra@ -+

4 H
T T{7+ H= RQ bai ¥a\<.‘«2 Laelace ¥rms‘0[e~/w\ /,o./ boxh S\\Jg

o
7 ( sH CS)’M—\- W)= R Qes)

)

H(s) Cfs*'\) =R QC%) = H&):= Q) — theve is Ov\t)

TS\
Q(QCCSS& no
GF[S);‘ H s = R _ _Z load ¢ g:\;—
A (D Tsx\ 23+ =
®
Hi(S) E(5) Q)
= §_ -5 |— _% H(S)
2%\

ote 9 N —
% ® Siace G =\ o G =\ / ‘H«wc/uvc —Ha:) weve ne \‘«\c\uJa.}\

A s bloek A(‘»\j{owvl-

® H- 2
H RS

(105w = > >




3 L =
Y e IR ] .
<9
6’“) 5’”(_8)_ _ U = 25x\ L 2s+\ — 2-s—==1
} - - 2 T = 2
[7R($) [*Qﬁ) S“\'\ | + 2sx\
: gexp 25\
2 3 \

\\
\\

A "\TL* Y L%S .\.\)
=
Hecs) 0-55% \

@ The response of H if a unit step change occurs in set point and sketch it.
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