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*EJM017*



Second Semester M.E. (Power Electronics) Degree Examination, January 2013 2K8 PE 214 : DIGITAL CONTROL SYSTEMS Time : 3 Hours



Max. Marks : 100



Instructions : Answer any five full questions. Assume missing data if any suitably. 1. a) What are the advantages of discrete time control systems ?



4



b) State and prove the initial and final value theorem of discrete time system. Determine the final value of x(z ) =



1 1− z



−1



−



1 1− e



− aT − 1



z



, a > 0.
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c) Find the transfer function of zero order hold circuit.



4



2. a) Find the discrete time output C(z) of a negative feedback closed loop system shown in fig. 2) a).



5 Fig. 2. a) b) State and prove complex translation theorem.



7



c) Find the transfer function C(z)/R(z) of the sampled system shown in fig. 2. c). 8



Fig. 2. c) P.T.O.
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3. a) Solve the difference equation y(k + 3) + 2y(k + 2) + 3y(k + 1) + y(k) = r(k + 1) + 2r(k) where y(0) = 0, y(1) = 1.



8



b) Explain Jury’s stability criterion.



6



c) Consider the region in the s-plane, shown in fig. 3. c). Draw the corresponding regions in z-plane. T = 0.2 sec.



6



Fig. 3. c) 4. a) Obtain any two types of state space representation of discrete time control system whose pulse transfer function is y(z ) 5 = 2 x(z ) (z+ 2 ) (z + 3 ) .



(5+5)



b) Find the over all open loop transfer function in ‘z’ domain of the Fig. 4. b).



Fig. 4. b)
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5. a) Obtain the discrete time transfer function in ‘z’ domain of the following oscillator system sampled at a sampling period T y (s ) w2 = 2 . u(s ) s + w 2



8



b) Explain the concept of controllability and observability applied to discrete time systems.



8



c) Test the controllability of digital control system, whose pulse transfer function



(



)



y(z ) z −1 1 + 0.8z −1 = is given by . u(z ) 1 + 1.3z −1 + 0.4z − 2



4



6. a) For a discrete time system ⎡ x1 (k + 1)⎤ ⎡ 1 0.2 ⎤ ⎡ x 1(k )⎤ ⎡0.2⎤ ⎢ x (k + 1)⎥ = ⎢0 0.1⎥ ⎢x (k )⎥ + ⎢0.4⎥ u(k ) ⎦⎣ 2 ⎦ ⎣ ⎦ ⎣ 2 ⎦ ⎣



By use of pole placement design technique, determine the stage feedback gain matrix ‘k’, to be such that the closed poles are located at 0.4 ± j 0.6. b) For the discrete time system defined by ⎡1 T ⎤ x(k + 1) = ⎢ ⎥ x (k ) + ⎣0 1 ⎦



8 12



⎡T2 ⎤ ⎢ ⎥ u(k ) ⎢ 2 ⎥ ⎣ T ⎦



y(k) = [1 0] x(k) with a sampling period of 0.2 sec, design a minimum order observer for the closed loop poles are at z1, 2 = 0.6 ± j 0.4. Find the ‘z’ transfer function of the controller. 7. a) Consider discrete time system 1⎤ ⎡ x1 (k + 1)⎤ ⎡ 1 ⎢ x (k + 1)⎥ = ⎢ − 0.4 − 2⎥ ⎦ ⎣ 2 ⎦ ⎣



⎡ x 1(k )⎤ ⎢x (k )⎥ ⎣ 2 ⎦



Determine the stability of the origin of the system, using Liapunov stability theorem.



8
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b) Define optimal control problem of a discrete time system.



4



c) For the system ⎡ x 1(k + 1)⎤ ⎡ 1 1 ⎤ ⎢ x (k + 1)⎥ = ⎢a − 1⎥ ⎦ ⎣ 2 ⎦ ⎣



⎡ x 1(k )⎤ ⎢x (k )⎥ ⎣ 2 ⎦



and x1(0) = 1, x2(0) = 0, with – 0.25 ≤ a ≤ 0. Determine the optimal value of ‘a’ that will minimize the performance index. 1 ∞ ∗ J= ∑ x (k ) . Q . x(k ) 2 k=0



where Q is a unit matrix.



8 _______________________
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