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QUESTION 1:_Process Dynamics and Mathematical Models

A force momentum balance on a mercury manometer results in the following
equation: 4x +0.8x +x = p(t)

where x is the displacement of the mercury column from its equilibrium position and
p(t) is the time varying pressure acting on the manometer.

1.1. Find the transfer function relating x to p, assuming that the system initially is in

equilibrium. (6)
1.2. Determine the response time of the manometer? (4)
1.3. Determine the response time damping characteristics and develop the equation
for the system? (15)
[25]

QUESTION 2: General feedback control loop stability criterion

Use the testing criteria to assess the stability of processes with the following
characteristics:

(@) CE=—5"-35-5 (5)

(b) CE=5s"+55+6 (1.5}

(c) CE=2s"+7s-15 (7.5)
[20]

QUESTION 3: Routh-Hurwitz criterion for stability

Consider a system whose closed-loop transfer function is given by:
Gls) =g
s(s"+s+D)(s+2)+K
Analyse the system stability using the Routh-Hurwitz criterion by;
(a) Deriving the R-H array
(b) Determining the values of K required for the system to be stable

[20]




PROCESS CONTROL -3-
ICP411

QUESTION 4: Controller tuning - Ziegler-Nichols tuning method

For the control system shown in Figure 4.1 below, determine the controller settings
for PI controller using Ziegler-Nichols tuning method,

R=0 —:-T‘Kcaﬂ/m)

Figure 4.1: Closed loop block diagram for a feedback control system

U=1/s

(s+D)’

The supplementary data given below can be used if necessary.

Use m=3.14.

w=0.6 =08 w=1 w=12 w=14 ©=1.6
tan™(-0.5w) | -0.29 -0.38 -0.46 -0.54 -0.61 -0.67
tan™(-w) -0.54 -0.67 -0.78 -0.88 -0.95 -1.01
tan’(-1.5w) | -0.73 -0.88 -0.98 -1.06 -1.13 -1.18
tan(-2w) -0.88 -1.01 «1.11 4118 -1.23 .77
tan™(-2.5w) | -0.98 Sl -1.19 -1.25 -1.29 -1.33
tan*(-3w) -1.06 4138 -1.25 -1.30 -1.34 -1.37
tan™(-3.5w) | -1.13 -1.23 -1.29 -1.34 -1.37 -1.39
tan™(-4w) 4148 -1.27 -1.33 -1.37 -1.39 -1.42
tan’(-4.5w) | -1.22 -1.30 -1.35 -1.39 -1.41 -1.43
tan*(-5w) -1.25 -1.33 -1.37 -1.41 -1.43 -1.45

Ziegler and Nichols recommended the following settings for feedback controllers:
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K. T mm) T (1)
Proportional (P) K./2 - -
Proportional-integral (PI) Ku/2.2 Py/1.2 .
Proportionall-integral-derivative (PID)|  Ku/1.7 P./2 P, /8

1
K, =— =Ultimate gain
M

M is the amplitude ratio of the system’s response at the crossover frequency weo;

Ultimate period of sustained cycling = P, = kel min/ cycle

co

[25]

QUESTION 5: Advanced control system

With the aid of a diagram explain the operation of an override control system using
Lower Selector Switch (1 .8SS) Tlse a hailer as vourunit nppr;\finn pqn{pm_enL

[10]
TOTAL MARKS = 100
FULL MARKS =100




Laplace transforms table

S(r}=2"{F(s)}

Table of Laplace Transforms

F(s)=2£{s (1)}

F=2*{F(s}
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