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Question 1[20 marks]. Consider the block diagram of a feedback control system shown in Fig. 1.
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Fig.1

Q1.1. [2] Determine if the process transfer function G(s) is stable (in both the natural and in the BIBO
sense).

Q1.2. [6] Find the steady-state error e, of the closed-loop system in terms of K and K, when R(s) = 1/s*
and 7,(s) = 0, and identify the system Type.

Q1.3. [7] Find the final value of the output of the closed-loop system y, due to a unit step disturbance,
Ty(s) = 1/5, when R(s) = 0.

Q1.4. [5] Determine the condition on gains K and K, such the closed-loop system T(s) = ¥(s)/R(s) is
stable. Explain how this condition affects the steady-state error e, from Q1.2.
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Question 2 [10 marks]. An impuise test signal has been applied to an unknown system and the response
s recorded as shown in Fig. 2. Identify a transfer function model for the system. (IS)

Note: The recorded data can be downloaded from the Assignment B section on Moodle. You are NOT
allowed to use the MATLAB System Identification Toolbox (or any curve-fitting toolimethod). Instead, you
should plot the data, make some measurements from the graph, and then perform simple math operations
in MATLAB or Simulink where required. You must explain and justify the steps that you apply to identify the
model.
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Question 3 [30 marks]. Consider the feedback control system shown in Fig. 3.
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Fig.3

Q3.1. [10] Find the condition for K. Ky, and K, such that the closed-loop system remains stable.

Q3.2. [5] Choose suitable values for K, K, and Ky so that the percent overshoot and the settiing time of the
‘closed-loop system are %0S = 0 and T, = 4s to a unit step reference signal. Use MATLAB or Simulink
to verify and plot the closed-loop system response. (MIS)

Q3.3. [15] Prove that the initial value of the input signal U(s) is u(0*) = —K, when K = 1 and R(s) = 1/s.
Use MATLAB o Simulink to verify your answer with your chosen value of K, from Q3.2 and K = 1.
(wrs)

Hint: In Simulink you cannot use Transfer Fen block for Hy(s) = s + 1 as MATLAB does not support proper

or improper transfer functions. You can instead add a Derivative block with a simple gain of 1 in parallel to

replicate H,(s). For H,(s) you can simply put a gain in series with a Derivative block.
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Question 4 [40 + 15 bonus marks]. Consider a PID controller for a closed-ioop system shown in Fig. 4.
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Q4.1. [3] Determine the PID controller gains Ky, Ky, K, that satisfies %05 = 0 with a dominant time constant
of 7 < 0.15 for a unit step response

Q4.2. [7] Show analytically (using the Laplace transform properties) why the control input signal U(s) will
have a spike (impulse) at the beginning when a step reference signal is applied (Pre-Lab 5 and
Checkpoint 1 of Lab 5 has some information to help).

Q4.3. [10] Use the reconfigured PID implementation as shown in Fig. 5 to avoid the spike in the control
input. Find the closed-loop transfer function using your gains from Q4.1 and use MATLAB to plot the
unit step response. Explain why the requirements in Q4.1 cannot be achieved. (M/S)
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Q4.4.[10] Find the values of your PID controller for the reconfigured closed-loop system of Fig. 5 to achieve
a 2.order critically damped behaviour for the unit step response. Validate your design using
MATLAB or Simulink. (W/S)

Q4.5. [10] Suggest a variation in the PID controller formula (or structure) in the original configuration of Fig.
4 such that you can use the Ziegler-Nichols PID tuning method and then determine the values of each
PID gain. Plot the unit step response using MATLAB and measure %0S and T,

Q4.6. [Bonus 15] Using the modified PID controller structure from Q4.5, try to find values of the PID gains
such that a 2-order critically damped behaviour for the unit step response can be achieved. Show
that the initial value of the control input will not spike with this modification in the original configuration
of Fig. 4 and find the initial value of the input signal u(0*).





