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1. Consider the feedback control system of the following diagram as shown in figure

A.
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Fig. A. The feedback control system
Where G(s5)= S S
s(s+1)(s+4)
H (s)=1
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Please find the range of K to let the system become stable.
2. Consider a first-order process with PI controller as shown in figure B. It can be
easily shown that the closed-loop response is given by the following equation:
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¥(s)= e (5)

where 7 = natural period of oscillation of the system
¢ = damping factor
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Fig. B. A closed-loop system -
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We notice that the closed-loop response is second-order. For the selection of the
“best” values for K, and 7, we will use simple criteria stemming from the

underdamped response of a second-order system.

ejst esti
If we select the one-quarter decay ratio criterion, please find the best K, and r, to

satisfy the one-quarter decay ratio criterion.

3. Consider the temperature control system for the heater of figure C. The
temperature T is the controlled output while the inlet temperature 7, is the load

and steam temperature is the manipulated variable.
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Fig. C. A closed-loop of temperature contro] system

The transfer functions for each component of the feedback loop are:

(a) Process:

If 7, T, and Ty, are deviation variables, then the response of the process is

given by

Ve po)+ X 1,0

T(s)=
s+a s+a

(where 7, aand K are all constants)

(b) Temperature sensor (thermocouple):
Assume that the response of the thermocouple is very fast and its dynamics can

be neglected. Thus,
T,(s)=K,T(s)
(where K, is a constant)
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(c) Controller:
Let T, be the set point. Then
e(8y=Tge (85)-T,(5)
and for a proportional controller the actuating output is given by
Cl =K. &(s)
(where K, is a constant)

(d) Control valve:
Assume first-order dynamics:

K
Tor(8)= ~—C(s
sr(5) s+l (s)

(where K, and 7, are all constants)

(1) Please draw the block diagram for the closed-loop system with the transfer
functions for each component of the loop.
(2) If the closed-loop response is found to be

T(5) =G ()T sp () + Gy ()T, (5)

please find the closed-loop transfer functions G, (s)and G, (s).
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