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DETAILED EXPLANATIONS

1. (a)
From figure (a)
Eliminating first loop

10
y s(s+21) 10
u 4,10 s +21s+10
s(s+21)
X\ 10 1
Y _TJ s+ 21 s Y
10
s(s+1
For the figure (b) Y (10 ) = = 10
u + Yoy s +s+10H
s(s+1)

Comparing, s+ 21s+ 10 = s% + s + 10H,
10H = 20s + 10,

H=2s+1
2. (d)
Centroid,c = -2
Break away point = —2.In choice (c), break away point is between 1 and 2 and centroid = -2.
3. (d)

(—0? + 4)(jo + 2)
(jo +9)(jo + 8)(jw + 6)

G(jo) =

s Glo)=0atw? =4
o =2rad/secor f=0.318Hz

4. (c)
THthe delay time, is not a desirable feature. It is the time taken by the system before starting to respond.

Hence. T4/ T, cannot be less than 1 as the system is unstable in this case. So the ratio T4/ T, should be
made as large as possible to make the sytem controllable. Therefore, the answer at (c) (greater than 10) is

appropriate.
5. (c)

loop L, =-2

loop L, = -4

non-touching loop L, =8

forward path P, = 4x3x2=24

forward path P, =5
¢ _ _ 2445 = 29 =1.933
R 1+2+4+8 15
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6.

11.

(c)
-0
t =
r (,l)d
H_ 2
where o = tan™ Vi-&
g
and oy = o,1-&
(d)
characteristic equation = [(s/—A)]
s+1 0O
|(s[—A)|= 0 S+2=(S+1)(S+2)=32+38+2

comparing with second order characteristic equation

o = 2
2w, = 3
15
- 2 106
S

thus the system is over damped.

(c)
The transfer function has 3 poles since 1 pole introduces a decay of —20 dB/dec and 2 zeros because
1 zero adds a slope of 20 dB/dec.

(c)
Gainmargin = l
an =3
Where, a=1 Img
1
GM. = — =1 /"‘\
a
—1+j0,
G.M.indB = 20log 1=0 ! \,&‘0\’// Re
For phase margin, ¢ = —180° .
PM. = 180+ ¢ =180-180=0 boa
(a)
G(s) = ;
~ sT(1+5sTy)
R
sT,(1+sT,) 1 1
77: = = = 2
R 1 sT1(1+sT2)+1 S°TT, + ST, +1
sT,(1+sT,)
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12.

13.

14.

T2 T1T2
W, = L
SN
_ 1k
Sl T,
forE<<1, = T, << T,
(a)
Zeros = 2
Poles: = -1+j2,-1-)2
The transfer function is
K(s+2)
GS) = (51— j2) s+ 1+ 2
multiplication of vector lengths drawn fromall poles
where K= multiplication of vector lengths drawn fromall zeros
_ Yioxv2 _,
- 5
, 2(1+2) 22+ )
Gls=/D = (A+1-j2(A+1+2) (- )1+ 3)
2x2.236.26.6°

Hence choice (a) is correct.

(d)

=12£0°

1.4142 £ — 45° x 3.162 £71.57°

The poles of the three systems will have same real part and two poles for each system indicate a second

order system. The envelope of the second order system with unit step input is governed by e’ Thus
the second order system will have same envelope for the following systems.

(b)

e is given by

c(f)

R s
NVos

—tan(w o) tan~'(2w o)~ tan™ (3w,,) =-180°

tan~!(w o) + tan~'(2w o)

180° —tan*‘(Spr)
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3m
pc _
ez,
pc
1= —1+202
o, = 1rad/sec
15.  (c¢)
K K
_ t t
C(S)— s(s+a) I’() S+ a C()
Kla K
Cls) = =5 als + a)
oty = —(1-e™)
K
C(oo) = g =1
. K= a
now analysing slope at t = 0, we get

. d (K _ . 1
|m——1—ea’] - —at _ 1 _
t|—>0dt(a( )| = mKe™ =55=°
K =5
a=>5
16. (a)
At ow=0 £ G(jo)H(jo) = -90°
At W = oo ZG(jo)H(jw) = -360°

type 1 and order =4
17.  (c)

K-=-2
(s? + 25+ 2)(s + 1) + 2k

G(s) =

The characteristics equation is
1+ G(s)H(s) = 0
K-2

1+— =0
(s“+2s+2)(s+ 1)+ 2k

o (s+1)(2+2s+2)+2k+k-2=0

or 24282 +25+5°+2s+2+3K-2=0
or $?+3s°+4s+3K =0

Routh Array
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s° 1 4

s? 3 3K
1|12=3K

N 3

O | 3K

For marginal stable,12-3K = 0
or K =4
Auxilliary equation,
32 +3K =0
for s = jo, 3w?+3x4 =0
of = 4
o = 2rad/sec
18. (b)
Characteristic equation,
1+G(s)H(s) = 0
or, 2+ 155+200 = 0

On comparison with standard second order characteristic equation we get,

28w, = 15 and o, = /200 rad/sec
15
or = ———=053
¢ 2x /200
Resonant peak, M = ! = !
2t 1-82  2x0.53\1-0.532
= 1.1
19. (c¢)

Characteristics equation 1+ G(s) Hs)=0

-2s
+Ke— =0 Where, esT = (1-sT) [We can approximate]
(s+1)(s+2)

K(1-2s)

14 U= g
s+ )5+ 2)

o $+35+2+K-2Ks =0

P +83-2K)+K+2 =0

Using Routh Array

s? 1 K+2

s' |3-2K 0

SO K+2

www.madeeasy.in © Copyright: MADE EASY



mnDE ERSY CT-2019 | EC - ControlSystems | 13

(meoe en=v) India’s Best Institute for [ES, GATE & PSUs

For stability
3-2K >0
K+2 >0
From equation (i), K< 15
From equation (ii), K> -2
Therefore, -2 < K<15
For absolute stability, K =1
20. (b)
K(s-1)
G(s) = ——=, K< 0
(s) S(s+2)

Since, K < 0 so, it have complementary root locus.

Jo

X

A
NI

21.  (c)

Closed loop transfer function,

SN

8) = Ziss+6

6 6
Openloop TF = =
P P P +55+6-6 S(s5+5)
P
(o) = Jjo(jo + 5)
. 6

Magnitude, M =

oVo? +25

—90° —tan™" (B)
5

Phase angle, ¢

at, o =0, M = oo, o = -90°
at, ® = oo, M = 0, ¢ = —180°
Polar plot
Img
W = oo
Re
w=0
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22. (c)

we know that,

23. (c)

F

|
R F

-
+
W= =

Q

R

Also

3

L

. 1
zero is at — T

ole is at—i
P al

Transfer function

24.

ts _ settling time 4
7=

time period oscillation ~ @X

g

2n

=N

=

>l <
| a
e A

N

+ o
is positive, compensator is lead compensator

sin‘(l_—aj =30°

Cs) Gs+1 1+ )
Rs) 1+(1+@G(8)-1 2+ @G&(s)
or/T _or G _oT G
0G/IG T 090G oG T
2+G(s)—1—G(s)>< G(s)

+G(s) =

&zu

T,

G(s)

(2 +G(s))? 1+ G(s)

(1+ G(s))(2+ G(s))
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25. (c)
As) K

RS) = s(s+a)(s+b)+s+K

characteristic equation = s® + (a+ b)s? + (ab+ 1) s + K

Routh Table
s® 1 ab+1
s? a+b K
g (a+b)ab+1)-K

a+b
s° K

For oscillations s' Row must have zero element
(a+b)(ab+1) = K
Also auxiliary equation
A(s) = (a+ b)s? + K
at s=jo
(a+ b)(-0?)+K
., _K _(a+bab+))
©° = a+b (a+b)

® = (\/ab+1)rad/sec

26. (c)
The open loop transfer function

Calculation of ‘K’
5dBl,_,, = 20logK-20log0.1
K = 0.178
Calculation of Oge
G(s) H(s) | = 1

0=0gc

0.178V0® + 1V’ +4 ;
20 -

(0*+ 502 +4) = 126.25 ®w?
0'-12125w2+4 = 0
or o = 0.18rad/sec and 11.22 rad/sec

27. (c)
Since the system is unity feedback H(s)
Characteristic equation : 1 + G(s) H(s) =

= 1
0
K(s2 +7)

1Jr(s+1)(s+a)

) =0

www.madeeasy.in © Copyright: MADE EASY



16 | Electronics Engineering

I'IIFIDE ERSY

India’s Best Institute for [ES, GATE & PSUs

28.

Sf+(a+Ns+a+KsP+K=0
(1+K)s+(a+1)s+(K+a)=0
using Routh’s tabular form

s? | (1+K) (a+K)
s' | (a+1)
s° | (a+K)

for stability of the system

0

(1+K) >0 = K>-1
a+1 >0 = a>(-1)
a+K>20 = a>(-K) = a>1
So, a> 1is the correct choice.
(c)
On observation
®, = resonantfrequency
M, = resonant peak
Wy = 0= @,\1- 262
1
My = M, = ——
Lo fi-g
. for functi C(s)  2x4 _2( 4
rAnSISTILNCon = "Re) " 2 +s+4 s®+s+4
2bw, = 1
®, = 2
&£ =025
= 2 1—2><i
% = 16
= Z\ﬁ =1.87rad/sec
(DO - 8 !
_ 1 1 1
0 —_ = = =
ox 1 f_ 1 115 V15
4 16 2\16 8
M, = 20log (ij—GSOdB
10 \/E .

Since system has gain '2".
atw = 0gainis 10log,,2 = 6.02 dB

M,=12.32dB

o, = 1.87 rad
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29. (d)

Applying Mason gain formula
L, = defgd=-G,G,
L, = bcdeb = Ly =abcda= L, =cfgdebc = L = cfgdeabc = -G,G,
A 1—(L+ L+ L+ L+ L)
1+ G,G, +4G,G,
p, (forward path) = G,G,G,
p, (forward path) G,(-1)
All'loops are touching paths p, and p,

[ - GiG,G, - G,
R 1+4G,G, + G,G,
30. (c)
gL 8
(8) = (s+10)
S = jo
8
T i — _—
o) = o+ 107
IT(jo) = %
(Vo2 +10?)
output amplitude = 2><—8 5 *.-output amplitude = input amplitude x I T (w)!
(Vo?+10?)
where o = 3rad/sec
output amplitude = L%:ﬁ
(Vo+100)” 109
= 0.146=0.15
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