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6.

similar to the patterns of poles in the s-plane near the origi [16]
. The input and output of a sampled data system is the difference
equation

Answer any FIVE Questions
All Questions carry equal marks
* % x * Kk

Draw a typical block diagram of a digital control system with state observer and
explain the same. Write the equation for the control signal in terms of reference
signal and observed state vector. [16]

Show that geometrically the patterns of the poles near z = e\z-plawe are

cn+2) +3c(n+ 1)+ 4c(n) =r(n+1
Determine the Z - transfer function. [16]
(a) Explain:

i. Continuous time_analo 31gn

ii. Continuous ti d 51gnal
r& )

o different methods of D/A conversion? [8+8]

iii. Sample 81gnal

(a) Writ@ short notes on primary and complementary strips.

(b) Consider the digital system shown in figure 1. [8+8]
R(s) + E(s E'(s) X CE)
T=13ec s(s+ D)
Figure 1:

A block diagram of a digital control system is shown in Figure 2. Design a com-
pensator D(z) to meet the following specifications:

(a) Velocity error constant, Kv > 4 Sec.,
(b) Phase margin > 400 and
(c) Band width =1.5 rad./sec. [16]
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Figure 2:

7. Find the state variable models for the following system represented by the difference
equation
(a) y(k+3)+5y(k+2)+7y(k+1)+3y(k)=0.
(b) y(k+2)+3y(k+1)+2y(k)=br(k+1)+3r(k) 8+8|
8. (a) State and explain the state controllability and obsgrvabili invariant
systems.
£

(b) A discrete data control system is described e equation where

1
z(k+1) = k) + Bu(k); Whe % 50 B=10

1
Determine the state con system. [8+8]
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1. A discrete time system is described the following difference equation
y(k+2)+5y(k+1)+6y(k)=u(k).
y(0)=y(1)=0, T=1 sec.
(a) Determine the state model in canonical form.
(b) Find the state transition matrix.

(¢) For input u(k) =1, k >=1, find the output y(k). [16]

2. Show that the transfer function U(s) / E(s) @f thaPTgontroller shown below is
U(s) _ pr Th+T: 1 .5

E(s) — Koo |1+ 7y + <T1+2Tz>:l

Assume the gain K is very large coipargd with unity, or K >> 1 as shown in the
figure 3.

[16]

E(s) + [ﬁj J x Ufs]

! T 1
L1 P
K 1+ 1 Es
Figure 3:

3. (a) Find the inverse Z-transform of the following:

i x(z) = (2(2+2))/(z = 1)
i (2 2+ 2)%/((Z -2)2(2-1)).

(b) Explain different properties and theorems of Z-transforms. [8+8]

4. (a) Discuss about stability analysis of a closed loop system?

(b) Find the range of K for the system shown in figure 4 to be stable using Jury’s
test. [6410]

5. Obtain the solution of the following difference equation in terms of x(0) and x(1):

x(k +2) + (a+ b) x(k + 1) + abx(k) =0
where a and b are constants and k = 0, 1, 2,..... [16]
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f® 4+ X Jom bl o L X ) ,
T=1%ec sla+1)

Figure 4:

Consider the digital process with the sate equations described by
z(k+1) = Ax(k)+ Bu(k)

C(k) = DX (k)
0 1 0

V\/hereA—{_1 1} B—[l} D=[2 0
Design a full order observer which will observe the states/x1( x2(k) from
the output C(k), having dead beat response. Write the ic’equation for the
observer. [16]
(a) Explain the digital implementation of ntrollers in detail.
(b) Describe the three digital int rules used for the digital implementation

of controllers and explai rmation briefly. [8+8]

Consider the following uou
n®) | _ [~ %@
552.(?5) . 2(f
y(t) = €t

The cont¥ol signal u(k) is now generated by processing the signal u(t) through a
sampler ang zero order hold. Study the controllability and observability properties
of the system under this condition. Determine the values of the sampling period
for which the discretised system may exhibit hidden oscillation. [16]

KKk kK
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1. Explain the steady -state error analysis of continuous - data control and discrete -
data control systems.

2. (a) Determine the Z- transform of the following sequence:
(k) = 1 k=0, and even integers
N —1k = odd integers
(b) State Z - transform and obtain the relation be e and S- plane
transformations. [8+8]
3. (a) Explain the conditions for comp trollability and complete state
observability in the z - plane
(b) Investigate the Controll blhty of the followmg system
{L'l k‘ —I— 5(31
9: (k+1 0.4 x
2 ’ () [6+10]
0.8 1
2 (k)
4

. St a d xplain the theorem requlred to satlsfy to recover the signal e(t)
Whatyare the advantages and disadvantages of digital control system over
analog control system.

(c) State different types of sampling operations [6-+6-+4]

5. Consider the digital control system X[(k+1)T] =AX(kT)+Bu(kT)
0 1 0
where A = [_1 _1] B = .
The state feedback control is described by u(kT) = -KX(kT) where K = [K; K5].
Find the values K; and K5 so that the roots of the characteristic equation of the

closed loop system are at 0.5 and 0.7. [16]

6. Given the difference equation y(k+2) - 1.3y(k+1) + 0.4y(k) = u(k) with y(k) = 0,
k<0 and y(0) = -1, y(1) = 1, obtain the solution if

0 if k<0
(@) u(k)z{l S
1 if k=0
(v) u(k:):{o B 16]
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7. (a) State the properties of state transition matrix.

(b) Given the following state model of the system.

0 1 0 10
XEK+D=[ 0 0o 1 |xm)+| 0o 1 |ux
-1 -4 -3 -1 1
01 -1
Y(K) = 19 1 )X(K)
Obtain the
i. State transition matrix
ii. X(Z), given X(0) = [1 1 1] Consider zero input condition, [4+12]

8. (a) Discuss about stability analysis of a closed loop system?
(b) Consider the system described by y(k+2) = 2y( k+1 r(k+2)

3r(k+1) + 4r(k). Where r(k) is the input an put of the
system. Determine the stability of the system.
* kK kK P

[6+10]
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Determine the discrete state variable representation for the pulse transfer functions
given below:

_ 247!
(a) G(2) = 221
_ 5%
. Explain the necessity of sampling and its applicationsyi

. The input and output of a sampled data syste ibed by the difference
equation.

¢(n+2) + 3c(n+1) +4c(n
Determine the Z- transfer functlo in the weighting sequence (discrete
impulse response) of the syst [16]
Consider the system de
X(k+1)= U(k).

Determifie the feed back gain matrix K such that when the control signal is
given by ): the closed loop system will exhibit the dead beat response
1 state X . [16]

to any ini

. Consider the system shown in Figure 5 and design lead compensator G¢(z) in w'-

plane for this system to meet the following specifications:

(a) damping ratio =0.7,
(b) Settling time, t,=1.4 sec., and
(c) Velocity error constant K, = 2sec™ . [16]

RE) 4 VB X EG ey [y 1 [ K T,

T=M01%ec i Hetl

Figure 5:

Investigate the controllability and observability of the following systems:
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(a) X(k+1)= _ 0 _1} X(k)+{1] u(k)
y(ky=[1 1] X(k)
(b) X(k+1)=

=[5 1] xeo 16

1 -1

7. Solve the following difference equation by Z transform method.
x(k +2) =x(k + 1) + x(k)
Given that x(0) = 0 and

x(1) = 1. [16]

8. (a) Consider the discrete - time unity feedback control sys ith sampling
period T=1 sec) whose open loop pulse transfer fumction S\
G(z) = K((ZO_'%?;?;;;?'ZZE?)Q ). Determine the range of §al ility by using

the Jury stability test.
(b) What is bilinear transformation? Explat, briefly the stability analysis using

bilinear transformation and Ro a [10+4-6]
* AR A *
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