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b)

d)

d)

A liquid filling apparatus is shown in Figure 1, where the inflow, outflow,
cross-section areas of the container and outlet, and the liquid height are indicated
asfi(t), (), A, a, and h(t) respectively. Outflow is proportional to liquid height and
outlet cross-section area with a constant of proportionality k.
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Figure 1

Derive the system transfer function for the liquid height H(s) for a given inflow rate
Fi(s) and initial liquid level h(0).

Calculate the stable liquid level hs

forF=100cm3s™" a=0.5cm? andk=10s"".

Sketch how the liquid level changes for the two cases (i) h(o) > hs, and (ii) h(o) < hs.
Estimate the time taken for the liquid level to settle. Assume A = 25 cm? in addition
to the given values earlier.

Y(s) 25+ 1
Us) ~s2+25+3°
Determine the ordinary differential equation of the open loop plant.

Calculate openloop poles and zeros and draw the pole-zero plot.

Draw the feedback control system for the plant with a single feedback gain Kand
derive the closed loop transfer function G.(s) = %, where R(s) is the reference

The transfer function of an open loop system is given by G(s) =

input to the plant.
Calculate K for critically damping the response.

Describe briefly the pole-zero cancellation in system approximation.
s2+55+6

(s +2.1)(s% + 4s + 13)

Determine the following attributes of the approximate plant.

i) Naturalundamped frequency.

i)  Damping ratio.

iiij Risetime.

iv) Peaktime.

v)  1%settlingtime.

vi) Peak overshoot.

Critically comment whether the system response is acceptable for an industrial

temperature control system.

Approximate the system G(s) = toasecond order system.
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A system has a zero at—3, and poles at—2, -5, and -1.5 ij\/@. Determine the

transfer function of the system as a rational polynomial. (4 marks)

This plantis controlled by a feedback through a single gain K.

Determine the following.

i) Number of asymptotes and asymptote angles. (3 marks)

i)  Asymptote intersection point. (3 marks)

i) Departure angle from the open loop pole—-1.5 +j\/157. (3 marks)
( )
( )

iv)  Calculate the maximum stable feedback gain Kpgx. 3 marks
Sketch the root locus of the controlled plant. 4 marks
Explain briefly the following terms with regard to frequency response of systems.
i) Gainmargin.
i)  Phasemargin. (4 marks)
The frequency response of a controlled plant described by the transfer function
Gls) = (s+3)(s+4) ic <h bel
S = (53 + 1052 + 135 + 2)(s2 + 135 + 2) IS Snown below.
Bode Diagram
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Figure 5
Following values for gain and phase can be read from the graphs.
Frequency Gain Phase
0.233rad/s 1.0 -113.5°
1135 rad/s 0.052 -180.0°
Table 5
Calculate the gain and phase margin of the system. (6 marks)
Comment whether the controlled system can track a reference signal,
which contains frequencies up to 2 rad/s. (3 marks)
Calculate the forward gain to be added to increase the bandwidth to 3 rad/s. (4 marks)
Explain whether the phase margin will change after the bandwidth improvement
in 4d) above. (3 marks)

3 See next page
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Describe the three-term PID controller emphasizing the behaviour of the three

terms separately. (6 marks)
A plant step response is shown in Figure 6a, where GM, and f, are gain margin
and phase crossover frequency.
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Figure 6a

A PID controller is to be designed for the plant.
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Figure 6b

Use the Zeigler-Nichols PID tuning table given in Figure 6b and determine
the following values.

i) Proportional gain.

i)  Derivative gain.

i) Integral gain. (9 marks)
Write the PID controller transfer function with the gains calculated in 6b above. (3 marks)
Draw the feedback control system with the PID controller. (2 marks)



d)

Define the observability and controllability of systems.
A plantis modelled by the following differential equation.
d?y(t) . dy(t)
305+ 2yl = ult)
Derive the state space model of the plant.
Check whether the plantis observable.

Check whether the plantis controllable.

Describe briefly the following terms in relation to sensors and transducers.

i) Resolution.

i)  Dynamicrange.

i) Response.

iv) Calibration.

Describe the features of an OPAmp that qualify it as a key element in analogue
controller design.

The following OpAmp circuitis used to measure the weight of three

storage containers.
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Figure Q8

Describe the functionality of the circuit.

Sensitivity of the sensorsis 0.5 mV/kg. At a given moment, the three containers
contain 75 kg, 90 kg, and 65 kg, respectively. Calculate the following assuming
Ri=Ry,=R3= R4=2.5kQ, R5=25Q, andR6=3§2.

i) Outputvoltages of three sensors.

i) Gainoftwo OpAmps.

iii)  Voltage output of the circuit.

Describe the favourable features of analogue controllers compared with

digital controllers.

Describe how analogue to digital converter (ADC) and digital to analogue converter
(DAC) can be used to control an analogue plant using a digital controller.

Describe how sampling and zero-order hold device in digital control systems
reduce relative stability of a feedback control system.

Explain how digitization can reduce accuracy of a feedback control system.

Digitize the analogue controller u(t) = 3é(t) +1.5e(t) using a sampler with sampling
interval 0.55s.
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