CLASS TEST

N=

MADE EAQASY

India’'s Best Institute for IES, GATE & PSUs

Delhi | Bhopal | Hyderabad | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata

Web: www.madeeasy.in | E-mail: info@madeeasy.in | Ph: 011-45124612

CONTROL SYSTEMS

EC | EE
Date of Test:10/03/2023

ANSWER KEY >

1. (a) 7. (b) 13. (d) 19. (b) 25. (b)
2. (a) 8. (b) 14. (a) 20. (a) 26. (d)
3. (b) 9. (b) 15. (c) 21. (d) 27. (c)
4. (b) 10. (c) 16. (b) 22. (b) 28. (a)
5. (a) 1. (b) 17. (a) 23. (d) 29. (c)

6. (a) 12. (d) 18. (a) 24. (b) 30. (b)




[ MADE EASY REIERY] - Control Systems | 11

Indig’s Best Institute for IES, GATE & PSUs

DETAILED EXPLANATIONS

1. (a)
After taking Laplace transform, the series combination of R, and C, gives: R +L.
SC1
Ry
o I . sCy
Similarly, the parallel combination of R, and C, gives: ———7—
Ry +—
2 SC2
1
Substituting, R, = R, = C, = C, = 1 makes the above combinations 1 + 1 and —5 1
5 1+-
s
On applying the voltage divider rule, we get
1
s
1+ 1
V(s) = Vi)
1414 51
14
s
1
Yo(s) - s+1
Vi(s) s(s+1)+(s+1)+s
s(s+1)
Vo(s) s
Vi) s +3s+1
2. (a)
The general form of transfer function of a 2" order system is given by,

Y(s) 0>

_7 n

R(s) %+ 28w, 5+ W2

On comparing:

m% = 64

Natural frequency, o, = 8rad/sec
28w, = 8
. . 8

Damping ratio, & = 6= 0.5

W; = 0,y1-8& = 8\J1-052

6.93 rad/sec

y
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SZ))r impulse response, R(s) =1

The impulse response is given by,
v = L_l{(s+1)(1s+10)}
vy = L {9(51-4- 1) 9 i 10)}
(o) = %e—t _%e—mt

(b)
Close loop transfer function of the system is
G(s) _ K(s* +1)
T6) = 14G(s)  (K+1)s2 +3s+ K+2

- the characteristic equation is given by
(K+1)s>+3s+K+2 = 0
For the system to be stable all the coefficient should be of same sign

o K+1>0=K>-1

and K+2>0=K>-2

.. The system is stable for K > - 1.

(a)

(1-5)
COHE) = 1+5)3+s)
o V1+0? 1

So, G(jo)H(jo) =

\/1+m2\/9+w2 - \/9+w2
Phase angle is,

¢ = —2tan_1m—tan_1%
: , 1 o
At =0; G(jo)H(jw)| = 3 ¢ =0
. . 1
Atw =4 G(jo)H(jw)| = 5 o = -205°
At © = oo IG(jw)H(jo) = 0; o = -270°
Im
J‘_/ W =oo ‘D:O“‘.
* - T Re
104\ /
\‘\\\ /,/'L‘ Unit circle

Polar plot does not cross unit circle, for all values of (0 to «), magnitude will be less than unity.
In this case, gain crossover frequency does not exist and phase margin becomes oo.
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6. (a)

The gain of function is 1, given system is all pass system, Hence option (a) is correct answer.

We can cross check:

1-s
GH(s) = 1+s
, —jo
GH(jw) = 70
ZGH(jo) = -tan™! (0) - tan"!(0) = -2 tan"!(®)

By varying @: 0 —
The phase varies from 0° to -180° as shown in the plot.

7. (b)
-1
OLTF is G(s)H(s) = ——————
s GOHE) = 5 a209)
. . _1
(or) GH(®) = 7iu1-20j0)
1
M = G(jo)H(jw)| =
CUHGO) =5 i s0002
0 = 1800—90°—tan‘1(@)
= 90° + tan™! (20 ®)
At o =0; M = oo o = 90°
Atw=0.1; M = 2.24; ¢ = 153.43°
At @ = o; M = 0; o = 180°
We get the Nyquist plot as,
Im
o=0
+90°
P (S AN LI

8. (b)
The characteristic equation is,
1+ G(s)H(s)

K 1
1+(KP +le((s+1)(s+2)J =0

(or) s+ 352+ (2+Kp)s + K,

Il
o

Il
o
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§° 1 2+Kp
52 3 KI
Sl 6 + SKP - KI
3
s Ky
For stable system, >0
and > &—2
(b)
= o(t) x(0)
Where, = state transition matrix
‘ 10
Given, =11 1
s 0 10 B s=1 0
SI=AL="1o 1711 17| -1 s-1
, 1 s—=1 0
[sI-A" = -D)s-1] 1 s-1
1 0
s—1
= 1 1
(s-1)> (s—1)
B e 0
Lst - At = 0=
_ et 01
*() = tet e |0
_et
x(t) =
(* _tet
10. (o)
The transfer function of the system is,
HE) (s+a)
s) = 5 ;
[(s = (=a— b)) (s = (~a + jb) I
B s+a _1 2(s+a)
[(s+a)? +b°P 2 [(s+a)®+b*P
_ 1) _dEGs)
H(s) = 2[ ds }

www.madeeasy.in © Copyright: MADE EASY
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1 1 o .
where, F(s) = Gral+ ?f(t) = Ee Fsin(bt)
——F(s)«—t f(t)
h(t) = %f(t)=—be “ sin (bt)

11. (b)
For given block diagram.
In inner loop feedback we can write,

R(s) G1(s)

X(s) 1+ G1(5)Gy(s)

X(s) G, S Ys)

G,

G,

Overall transfer function,

Y(s) = X(s) R(s) + G5(s) X(s)
Y
10 - RO*G6
1
B s+1 B (s+4) _ s+4
oy T (s D (s+4) T P 45s+4+1

+7
(s+1) (s+4)

s+4 +s+2:>(s+4)(s+5)+(s+2)(52+55+5)
s> +55+5 5+5 (s> + 55 +5) (s +5)

s2 +95+20+5° +55% + 55+ 252 +10s + 10

- 3 + 552 + 552 + 255 + 55 + 25

% +8s% + 245+ 30
2 +10s% + 305 + 25
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12. (d)
@+5d_y+4 = x(t
PR TRR A
s2Y(s) + 5sY(s) +4Y(s) = X(s)
x(t) = 8u(t) or X(s)=§
s
8
(s> +5s+4) Y(s) = S
8 A B C
Ye) s(s>+55+4) s s+4 s+1
2 8 N 2
Y6) = 573(6+1) 3(s+4)
y(t) = 2[1 +%e‘4t—§e_t}u(t)
13.  (d)
Y(s) _ K/s  _ K
R(s) 1_(3+K) 5-(3+K)
s s
For system to be stable,
3+K <0
K< -3

14. (a)
G, and H, form a negative feedback loop and that loop is in cascade with G,. The block diagram
can be simplified as:

L]
(G| rc, |
R 1+G,H, LG 18] Y
L% ]
GGy . : . ,
Now 1+ G H. forms a positive feedback loop with H, and that loop is in cascade with G;. The
141
block diagram can be further simplified as:
1
[
= G1G,G3 =
R Q@ 14 G Hy ~C,GyH, | | LS4l Y
L% ]

www.madeeasy.in © Copyright: MADE EASY
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Now there is another negative feedback loop with H, and cascade with G,. Block diagram becomes

1
L=
G1GrG3Gy
R 1+ GyH; — G,G,yH, + GG, H, Y
Y(s) G1G2G3Gy
R(s) ~ 1+GyH; - G,GyH, + G;G,G3H; + G;G,G5G,4
15. (¢)

The Routh table for the characteristic equation corresponding to the given transfer function is:
11 0 4
s 3 53
$°|-167 3
s*| 104 3
s' | 3.48
s 3

There are two sign changes in the fist column of Routh table. So there are 2 poles in RHP. Order
of the characteristic equation is 5 = number of poles
No. of poles in LHP = 5-2=3
16. (b)
Closed loop transfer function is,
G(s) K(s+3)(s+5)
T() = 1+G(s) (K +1)s® + (8K — 6)s+ (15K + 8)

For stability all coefficients should be positive or all negative

Case-I: All coefficient are positive,
K+1>0= K>-1
8K-6>0= K>0.75
-8
15K+8>0= K> 15
o K > 0.75
Case-II : All coefficients are negative:
K+1<0= K<-1
8K-6<0= K<075
-8
1I5K+8<0= K< 15
o K < -1
So, for stability either K > 0.75 or K < -1

© Copyright: MADE EASY www.madeeasy.in
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17.

18.

19.

(a)

Transfer function is,

Ks 400Ks
G(s)H(s) = =
(s+1j(s+1)2 (s +4)(s +10)
4 10

Magnitude of initial plot is given by,
M = 20log o + 20 log K
and M =0dBatw=4
0 = 20log,,4 + 20 log K

1
(or) 20log- = 20 log4
1
(or) X - 4
1

(or) K = 1
u G)H(s) 100s

nce, s)H(s) = ———————=

¢ (s +4)(s + 10)

(a)

Damped frequency, W; = o,1-E>
(OF _ 10

= 0, = =
"oJ1-g -6y
The desired second order C.E. is,

2+ 28w, s+ 02 = 0

§% +2(0.6)(12.5)s + (12.5)2 = 0

s+ 155 +156.25 = 0

The C.E. of given system is,

1
1+ (K, +sKp)| —————| =
& D)(s(s + 1)] 0
(or) 2+ (1+Kp)s+K, =0
Hence, K, = 156.25
and 1+K, =15
= K, = 14

(b)
From the above Bode plot,
For section de, slope is -20 dB/dec

y=0
20 = log8—log16
y = 6.02 dB

Now, for section bc, slope is -20 dB/dec

www.madeeasy.in
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16 -6.02
20 = logw; —log4
o, = 1.268 rad/sec
To find value of gain K
y = mx+c
16 = -40log 1.268 + 20 log K
K = 10.14
From all the result, transfer function is,
10.14{1 2568 + 1)(Z+ 1)
T(s) = '
52 (S + 1)
8
16(s +1.268)(s + 4)
I(s) = (s +8)
20. ()
- G(5) H(s) = -
Given, s(s—a) (s b) (s—c)
Puts=j G(jw) H(jow) !
ut s = jo, ® W) = - . , .
(jo)* (jo - a) (jo-b) (jo-c)
. . 1
G(jw)H(jo)| = 2?1 @2 AP 102 P + 2
when, w=0 Magnitude = oo; Phase = 0°
®=c  Magnitude = 0; Phase = 270°
£G(jw) Hjo) = —[180" +(180° —tan™! [9)J+(1800 —tan”! (%D+ {180" - tan—l(ﬂm
a c

¢

tan ! (Bj +tan ! (9) +tan ! [9)
a b c

Note: Since 4, b and c are positive values, for ® = 1, phase of G(jw) H(jw) will be a positive quantity.
So, the polar plot will start into the first quadrant.

90°

s w=0

180° ¢ 0°

270°

© Copyright: MADE EASY www.madeeasy.in
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21.  (d)
The transfer function from steady state model can be written as
T(s) = C[s[ - A]"'B

B adj[sI — A]

1= AV = AT

s+5 -1

[sI-A] = [ 0 s+4}
S- A = 1 [s+4 1 }
(s+5)(s+4)] 0 s+5

1 s+4 1 0
T6) = GroErat 4]{ 0 s+5M

1 1
w0 caeral o)

L44(s+5) __4s+21
T (s+4)(s+5)  (s+4)(s+5)

If two systems are connected in parallel
Overall transfer function,

, 2(4s+21)
T(s) = T(s) + I(s) = m
22. (b)
For the given system we can write,
Y(s) [s® + 452 + 5s + 3] = U(s)[1] (i)

Let, X, =y

So, X, = X1 =Y ...(id)
X3 = Xy =Y ...(iii)

The equation (i) can be written as
3‘C3 +4X3+5X2 +3X1 = u
ie. x3 = -3x;-5x,-4x;+t u ...(iv)

Using equation (ii), (iii) and (iv) we can write in state variable form as below,

X [0 1 0][xy 0
Xo| = |0 0 1 {|lxy|+|0]u
X5 |3 -5 —4||[x; 1
0 1 .
So, [A]=10 0 1
-3 -5 4]
[0
and [B] = |0
1

Hence option (b) is correct.

www.madeeasy.in © Copyright: MADE EASY
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23.  (d)
The closed-loop transfer function for given system,
3(1 + sK)
Gs)  _  s(s+4) _  3(1+sK)
1+G(s) — , 3(1+5K) (s +4)+3(1+5K)
s(s+4)
3(1+sK) _ 3+3sK

P +45+3(1+5K)  s%+(4+3K)s+3

Comparing the transfer function with standard second order transfer function.

w2 =3
= w, = J3rad/sec
26w, = 4+3K
238 = 3K +4
2.3 —
V3E-4 _ X
3
. _ _6-4_ 2
Given, £ = 3, K = 3 73
24. (b)
From plot -1
Number of poles on the right side of s-plane = 0
P =20
Open-loop system is stable.
From plot -2
Number of encirclement about (-1, 0) is = 2 in clockwise
N = -2
N=P-Z
-2=0-2
zZ =2

Two closed loop poles on the right side of s-plane. Close-loop system is unstable.

© Copyright: MADE ERASY
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25. (b)
From the figure, the transfer function of the system is,
GE) HEs) = ———
(s +2)(s +4)
(GG H(jo)| = S—
0(4+o )\/m
ZG(jo) H(jo) = —90°- 2tan-1(%) = tan_l(%) *
-270°
| 0°
-180° w= oo
w=0
-90°
26. (d)
K( Ss 1)
TF. = 2

s 241l 241
5 10
To obtain the value of K,

30 dB = 20 log K - 20 r log(1) [ r=1]

1.5 = log K
K = 10%° = 31.62
TF - 31.62(0.5s +1)
o s(0.2s+1)(0.1s+1)
27. (0
ZG(jw) H(jo) = £ 10, =-180°
(jo+1) (jo+ 20)

= —tan" () - tan [2—08) =-180°

o2 | = -180°

www.madeeasy.in © Copyright: MADE EASY
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2
. ®
The above expression to become zero 1 - 20

W, = oo
10
G(jo)H(jo)| =
(Gl H(jo) V1+ 0% (202 + 0
Gl HGja, _.. = 0
1
Gain margin = - , =oo
¥ 7 JeGoyHGo),

pc
Gain crossover frequency does not exist.
Phase margin is = oo

28. (a)
For given state model,

a=[o 3

a-a1 = o oo 5%

1 1 s+3 0
1 = ——Adj|s]-A|=—F"——
51 - A = g Adle = Al (s+3)(s+4){ 0 s+4}
LI
_ | s+4
) 1
L s+3
e
el = 0 3t

So zero input response of the given system will be

x(t) = et x(0)

© Copyright: MADE EASY www.madeeasy.in
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29.  (¢)
Method-I
For root locus point,
[Z£G(s) H(s) = 180°
Substituting, s

(o +jo) we get,
K(c+3+ jm)
(0 + jw)(c+2+ jm)

= 180° + tan* [L)
o+2

3 =
+ w [ o+2
c+3/lo

G(o + jw) H(o + jo)

purey
fo¥)
=}
Juny
7\
Q
+|E
W
N——
|
parsy
jo¥)
=}
AR
7\
a |
N—
|

a
+
W

~

N
+
e

N

|
W

Method-II:

jW

p and g are breakaway and breakin points, to obtain them we have to perform, Z—K =0.
s
K= - s(s+2)
s+3

dK i[_s(s+2)}:0
ds ds s+3
s+6s+6 =0
qg = -1.268 to p=-4.732
As we know two points on the diameter, center of the circle is (-3, 0) and radius is 1.732.

Equation of the circle is (o +3)% + 0 = (+/3)%.
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30. (b)
The characteristic equation is,
g(s) = $+0582+ (K+3)s+(K+1)=0

$3 1 K+3
52 05 K+1
s |B+K)-2(K+1) 0
s (K +1)

For a system to oscillate a row should become zero.
K+3-2K-2 =0
K=1
Given system is third order system (s + a) (s> + bs + ¢) =0
For a marginally stable system, £ = 0

s2+28m,5+02 =0

s +m,2z =0
Take the coefficients of s? row.
0582+ (K+1) =0
052+2 =0
s = %52
o = 2rad/s
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