
- - --- - - - - - - -

/
 

Ref. No.: EXlPG/CNSE/T/112A/9/2017 

. EXlPGIELE/T/112B/14/2017 
MASTER OF ELECTRICAL ENGINEERING 1ST SEM. EXAMINATION-2017 

MASTER OF CONTROL SYSTEM ENGINEERING 1ST SEM. EXAMINATION-2017 

Subject: CONTROL SYSTEM ENGINEERING Time: Three Hours Full Marks: 100 

Answer AnI' Five questions (5x20) 

Question Marks 
No . 

Ql (a) Figure P-l (a) shows the block diagram of a d.c. motor contro l system with 2+4 

G(s) = K(s + 3)
 
s(s + 1)(s + 2)
 

The signal N(s) denotes the frictional torque at the motor shaft.
 

N(s)
 

I 
R(s)	 + Y(s) 

+ 

Figure P-1(a) 
(i) Find the transfer function H(s) so that the output Yes) is not affected by 

the disturbance torque N(s). 

(ii) With H(s) as determined in (i), find the value ofK so that the steady-state 

value of e(t) is 0.1 when the input is a unit-ramp func tion and N(s) = O. 

(b)	 Referring to the system shown in Figure P-l (b), determine the values ofK 4 

and k such that the system has a damping ratio of 0.7 and an undamped 

natural frequency of 4 rad/sec, 

R(s) C(s)
1 
s 

K 
s + 2 

k 

Figure P-l(b) 
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(c)	 The block diagram ofa control system is shown in Figure P-l (c) with 3+7 
100 

G(s) - -:-----:--- 
- (1 + O.ls)(l + O.Ss) 

(i) Find the step-, ramp-, and parabolic-error constants. 
(ii) Determine the minimum steady-state error that can be achieved with a
 
unit-ramp input by varying the values ofK and K;
 

R(.\) Q res)G(s) .. 
+ ~ 

Figure P-l(c) 

Q2	 (a) Obtain the transfer function of 4+2 
the electrical network shown in 
Figure P-2(a). 
Determine whether this is an 

J f .."electrical lead network or lag L __ ~ I .- [ 
network? I R2 Il'	 II 

~ c_ .JFigure P-2(a) ..__
-0 

(b)	 In the system shown in Figure P-2(b), the
 
numerical values of m, b, and k are given as
 
m = 1 kg, b = 2 N-sec/m, and k = 100 N/m.
 
The mass is displaced 0.05 m and released
 
without initial velocity.
 
Find the frequen cy observed in the vibrat ion.
 
In addition" find the amplitude after four
 
cycles .
 m 
The displacement x is measured from the
 

equilibrium position.
 

Figure P-2(b) 

L 

x 

10 
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(c) The unit impulse respon se of an LTI system is the unit step function u(t). 4 
Find the response of the system to an excitation e- atu(t) . 

Q3 (a) Consider the system shown in Figure P-3(a). Plot the root loci as the value of 10 
k varies from 0 to 00. 

s+l.4 
s+s 

Figure P-3(a) 

10 
s(s + 1) 

ks 
s + 10 

(b) Prove that a breaka way point a satisfies the following: 
I 

5 
n m 

La ~ Pi = ~ a ~ Zi 
1=1 1=1 

(c) Show that the root loci for a control system with 5 
K(S2 + 6s + 10) 

G(s) = S2 + 2s + 10 ' H(s) = 1 

are arcs of the circle centered at the origi n with radius equal to .../10. 

Q4 (a) The characteristic equation of a linear control system is given in the 8+4 

following equation 

S(S3 + 2s 2 + S + 1) + K(S2 + s + 1) = 0 
(i) Apply the Nyq uist criterion to determine the values of K for system 

stability. 
(ii) Verify the values of K by means of the Routh-Hurwitz criterion. 
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(b) The closed-loop frequency response of a second-order prototype system is 8 
shown in Figure P-4(b) . Sketch the corresponding unit-step response of the 

system. Indicate the values of the maximum overshoot, peak time , and the 
steady-state error due to a unit-step input. 

. 

rad/sec 

Figure P-4(b) 

Q5 (a) Consider the unity-feedback control system whose open-loop transfer 6 

function is 
as + 1 

G(s) = 2 
. s 

Determine the value of a so that the phase margin is 45°. 

(b) Referring to the closed-loop system shown in Figure P-5(b), design a lead 14 

compensator Ge(s) such that the phase margin is 45°, gain margin is not less 
than 8 dB, and the static velocity error constant K; is 4 sec-I. 

3 

'§" 
~ 0.9 

o 

1.4 I------..,.~ 

K 
I 

Ge(s) f-o-.-f ( 1 1)( 1) so. s + s + 

Figure P-5(b) 
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Q6 (a)	 Determine the values of K, T\, and T2 of the system shown in Figure P-6(a) 14 

so that the dominant closed-loop poles have the damping ratio of 0.5 and the 
undamped natural frequency of 3rad/sec. 

R 10 
s(s + 1) 

c 

Figure P-6(a) 

(b) A control system with a PD controller is shown in Figure P-6(b). Find 
(analytically) the values of K» and KD so that the ramp-error constant K; is 
1000 and the damping rat io is 0.5. 

R(s) ~O E(s) 

·1 
Kp + Kas I 

1000 Yes)., 
s(s + 10) 

~ 

- . 

6 

Q7 (a) 

(b) 

(e) 

• 
Figure -6(b) 

ind Xl (t) and X2(t) of the system described by 

[~~] = [-~ -~ ] [~~] 
where the initial conditions are Xl (0) = 1 and X2(0) = - 1. 

Consider the system defined by 

x = Ax + Bu, Y = ex 
vhere 

A = [ _~ _;] , B = [~], e = [11] 

Transfo rm the system equations into the controllable canonical form. 

Given thesystem in st:e=eq[t : {""Yj",=:Xl[!]u,with 

o 0 -2 1 
Can the system be stab ilized by state feedba ck ii = - K x? 

8 

8 

4 

- ::L	 _ 
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Q8 (a) A controlled process is modeled by the following state equat ions 6 
dXl(t) dxz(t)

d =Xl(t)- 2xz(t), d = lOX1(t ) - U(t ) 
t t . 

The control u(t) is obtained from state feedback such that 

u(t) = -k1Xl(t)-kzxz(t ) 
Determine the region in the k l -versus- k2 parameter plane in which the 
closed-loop system is asymptoticall y stable. 

(b) Consider the system given by 14 

x =Ax +Bu 
where 

0 1 0]
 
A= 0 0 1 ,[

-1 -5 - 6
 
By using the state-feedback control
 

u= - Kx 

it is desired to have the closed-loop poles at s =-2 ± j 4 and s = -10. 
Determine the state-feedback gain matrix K. 


