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QUESTION 1

A stream containing a solute (e.g. sugar) is diluted with water in a well stirred tank.
The concentration in the tank is uniform and therefore the stream leaving the tank has
the same concentration at any given time. A special balance on the solute gives:

d{Ve) de
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where ¢ and ci are concentrations, mass/volume.
1.1. Determine the transfer function of this first-order system (20)
1.2. Determine tp and Kp (5)
[25]
QUESTION 2

A stirred tank heater is shown in Figure 2.1. The objectives is to maintain the level of
the liquid in the tank at level Hy (desired height), to maintain the temperature inside
the tank at T;.(desired temperature) and to maintain the flow rate of the liquid into
the tank at Fs (desired flow rate).

2.1. Use a feedback control configuration to design a control system to meet the
specified objectives by following the control system design steps. (20)

Note: Do not use different diagrams; provide the design in one diagram

F = flow
L = level
P = pressure

T = temperature
Figure 2.1 CSTR
[20]
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QUESTION 3:

3.1.  Determine the Laplace transforms of the following functions from provided
Laplace transform Tables:

a) f(t)=8 (3)
b) f(t)=1-e"(-t/a) (5)
c) f(t)=sin3t (5)

3.2. Draw a generalized closed loop feedback system with a controller block, a
final control element block, a process block and measurement block. The system
is affected by an external disturbance. Derive the generalized feedback transfer

function and state the characteristic equation. (12)
[25]
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QUESTION 4

You are given a feedback system. The process with G_p=1/(s"2+2s+2) is controlled
by a PI controller i.e. G ¢c=K ¢ (1+1/t I ). You are provided with the following
additional information:

G f=1; G m=1; G _d=1/(3s+1)

Suggest the characteristic equation on the basis of the available block transfer

functions. (5)

Check the stability of the system using the Routh Hurwitz method when given that

K ¢=100and t_[=0.1 (25)
[30]
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Table of Laplace Transforms

Flsy=2lr ()}

f(n=2{F(s)]

#s)=2{1 (N}

21.

23.

27.
29,

3L

33

35.

|

. =123,
N

sin{ar}
rsin(ar)

sin{ar} - arcos{ar)

cos{ar)- arsin{ar)
sin(ar+b)
sinb{ar)

¢ sin(br)

e sinh (1)

e, =123
u {ry=u{r-cj
1leaviside Function

n (1)1 (1-c)

e 1)

1
H‘%S
hh?&ﬂla_ﬂ

71
\1:;;

A%+nJu
ssin{b)+acos(b)
£+

e F{s)
F(s-c)

.m.us F () ot
F(s)}G(5)

sF{s)- f(0)

2.

26.

36,

“r

¢
g -l

"t or=123

cos{at )
teos{ar)
sin () + at cos(av)

cos(at)+arsin{ar)

cos(ar+8)
cosh{ar)

e cos{br)

& cosh (br)
et}

§(r-c)

Pitag Delta Function

w()eg(t)
“f(1). n=123..

f (e
Fe+T)= 1 (1)
1)

i

s-a
r{p+1)

o

135 (20— I)Wr

P

B

.wT.H +mmuqv
(«+a*}

scos{b)-asin{p)

5 3

e "£lg(r+e)}

(17 (e
F(s)

_,.qo T{e)er

]-e

s F(s}-¢r(0)- 1'(0)

h:..n..ﬁhul.ﬁ _.\mcwfm__ usﬁ.ﬂcw.:l.@ﬁ? N_HSIHH. ,ADV

Table Notes
This list is not a complete listing of Laplace transforms and onlv containg some of
the more commonly used Laplace transforms and formulas.

Recalt the definition of hyperbolic functions.
e +e’
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e-ef

1 =
cosh (1) 5

sinh(t}=

Be careful when using “normal” trig function vs. hyperbolic functions. The only

difference in the formulas is the “+ a™ for the “normal™ trig functions becomes a

“a™ for the hyperbolic functions!

Formula #4 uses the Gamma function which is defined as
r( u_..”n x dx
If nis @ positive integer then,

U(r+1}=n!

The Gamma function is an extension of the normal factorial function, 1lere are a
couple of quick Facts for the Gamma function

F(p+)=pr(p)
p(pr1)(p+2)-(prn-1)=L Mﬂg&
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TABLE 8.1
INVERSE LAPLACE TRANSFORMS OF SELECTED EXPRESSIONS

Laplace transform: f(s)

Time function: f{¢1)
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