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Section A : Electrical Circuits
Q.1 (a) Solution:

Let the voltages at nodes a, b, cand d are V, V,, V_and V , respectively.
Now, KCL at node (c)

Ve=Vy Ve VeV,

0 5 1 =0 = -5V, +11V_-2V,=0 (1)
KCL at node (b)
ﬁ_l_Vb -V, +Vb -45-V, _ 0
8 4 8
= V, -4V, +2V_ = -45 (2
KCL at node (a)
V,-30-V, +&+ Vo+45-V, _ 0
4 16 8
= 7V, -2V, -4V, = 30 .(3)
KCL at node (d)
V;+30-V, +ﬁ+Vd Ve _ 0
4 20 10
= 5V +2V_ -8V, =150 ..(4)
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In matrix form,
0 -5 11 21|V, 0
1 4 2 01|V, —45
7 2 0 —4||v.| |30
5 0 2 8|V 150
AV =B
V = A1B
Therefore, V,=-528V
vV, =1028V
V.=069V
V,=-2188V
Q.1 (b) Solution:
400 120V

@ @

100V (£) 1v, <:> D2, 800 gg@

KCL at node (1) :

Vi =100V —4v, V341209,

10 20 40
4V, -400+2V, -8v, +V, +120-v, = 0
7V, -9v, = 280 (1)
KCL at node (2)
v

o+ 21, = 25

= Do

3i, = 20
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40 80
6V, -7v, = =720 .(4)
On solving eqn. (3) and (4)
V, = -1688 V
v, = -1344 V
Therefore,
P - Vi +120 -9, _ 1688 +120 + 1344
¢ 40 40
i, = -5.60 A
Hence, v, = -1344 V
i =-5.60A

Q.1 (c) Solution:
To find Ry, : Replacing the independent sources by their internal resistances.

-—-.=20120=10Q
20 Q0

" AAAA—
7 VWy—
1 ]
| \
10 \ !
A} 1
a0 MW \\\ MM / o b
209/
< < <
10Q= =10Q S10Q
- - -
W
//,' : N
10 Q 10 Q
,
10 . AW MW . op
p
\ I/
\ /
N ’
> R L §R L
< c < b =
10Q= N10Q= S =10Q
< \ - 7 -
\\ //
\ 7’
A /
\ /
\\ 7’
A\ /
\\ //
M7
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Using Y-A transformation

> Y is balanced.
R, = R,=R.=10x3=30Q

30Q
AAAA
VWYV
o a
AAAA
UAAA
10 Q
=
E; 30 Q
30
MW ]{m
=N
AAAA
VWv
10 Q

Ry, = 30 (30110 + 30| 10)
=30/ (7.5+7.5)=30]15=10 Q

To find V; : We transform the 20 V and 5 V sources, we obtain the circuit shown in

figure.
For loop 1:
-30 + 101, + 101, + 101, - 10, + 50 = 0
3, -1, = -2 (1)
For loop 2 :
-50 +10I, - 101, + 20I, - 10 = 0
-I, + 31, = (2

On solving eqn. (1) and (2)

—
|

L =0AL,=2A
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Applying KVL in outer loop,

-V, +10I, +10,-10 = 0
V,=20-10=10V
Thevenin’s equivalent network

R, =10Q

——WW——oua
Vp=10V ()
°b
Q.1 (d) Solution:
R
: =0.125

Yo _
Ve (Rg +Rs +R,)

R, = R, IR, +R) =R,
Since attenuator does not the output resistance.
. R,(Rq +R;)
& R, +Rg+R
By (1), R, = 0.125(R, +R))
R, =100 Q
0.125R, = (1-0.125) x 100
R, = 700 Q
By (1 0.125 &y
y @ "7 7 R, +100+700
R, = 114286 Q
Therefore, Rp = 114.29 Q
R, = 700 Q
Now, V,=12V,R; =50Q
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Thevenin equivalent

I

=R, =500

AAAA

Vy = V,=0125V, =15V

- 10 joma
Ry +R, 150
Q.1 (e) Solution:
4H 25
! O -
o0 $
I PR
+
\% V.
Leq’—' 2_§3H §5H
bo
Let V= Leq% (1)
di
V=V +V,= 4E+VZ (2)
=i ti, = =i -3
diy di, V,
vV, = O TS ..(4)
di _di
Vo +2—+5-2 -
and 2 0t 0t 0
di _di,
vV, = 2E+5E .(5)
Incorporating eqn. (3), (4) and (5)
di di di di 5
= 2—4+5—-5-L=-7__%
T T T TR
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Vz |:1+§:| = 7ﬂ
3 dt
Vv, = 2 6
2 8 dt (6)
Substituting eqn. (6) in eqn. (2)
di  21di
v at 8 dt
V= B4 7
= 8 -(7)
Comparing eqn. (1) and (2)
_ B
Ly = g = 6.625 H

Q.2 (a) Solution:

For t = 07, the equivalent circuit is shown,

o +
< I <
6Q2 q S6Q
6Q
MW v ( O_)
i(0)

I
30v(:P q (:va
O

For loop (1)

-30+6l -6I,+10 = 0
31, -3I, = 10 (1)
For loop (2)
181, -6I, = 0
I, =3I, 2)
Putting eqn. (2) in eqn. (1)
2I, = 10
I, =5A
and I, = %=§
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i(0)=1,=5A
and V(07) = 6I,+10
V(0r) = 6><§+10 =20V
Fort>0:
62 Fea ‘0
. Avlv‘;;v /,_—/ - % — %
R=12][6 o’ g% s
e = i 0
D V(O)
L") (3 ® = O2
050
20
By KVL; —%+§I(S)+4I(s)+%l(s)+(1s—0—g) = 0
10
o S P20 20455 5(s+4)
S — = =
8. 4+ S *+85+16 (s+4)
S
5
I =
©) s+4
i(f) = 5e*u(t)
-~ for t>0; i(f) = 5e* A
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Q.2 (b) Solution:
-j4Q
1l
JjeQ 4
ao MWW —I % MW
A
jsszg ]8Q§ :’ gjm gﬂzg
\Z,
be :
Transform the delta connection to star connection as shown in figure
-4 Q
11
I
e ey
P N Z I
/‘;/452 Zy P 2 4Q7%
ao—<WW—F—1"F—WW
60 z. [z 120
B/ L e []225 7. 8
ZA\\ . ____,',/
bo
-7j6) % (j8
Here, Z, = M =-j4.8 Q
78+ 78— 76
(j8)x(78) _ .
Z,= """ =764Q
_ (=/0)x(j8) _ .
Z, = 10 =-j4.8 Q
Z =7, +2=(4-j4.8)Q
Z,=4+7Z,=(4-j4.8)Q
Z. =7,=j6.4Q
Transform the star connection to delta connection as shown in figure.
ocopyright: [MADE EASY www.madeeasy.in
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40
{1
Zy
a0 1
§j6£2 I:IZA []zc §j12£2
bo
Z,=2Z,+7Z +Z“ZC
b
- 4-jag+joas ETIEOUC) _ g0
4-j48
Zy = Zy+ 7y + L2l
C
- 448+ 4—jags BT/AB(E7jA8)
j6.4
Z,=(2-j85)Q
Z. = Z, +Zb+ZC'Zb
a
. o (j64)(4—j48) ,
= j6.4+4—- 748+ = (4 +78) Q
j j a-jag G+®
Again, Z, = (Z,11j6) = (0.68 +3.62) Q
Z, = (Zyl-4) = (0.20 - 2.75) ©
Z = (Z:11j12) = (1.38 + j5.07) Q
Now,
Z‘7
a0 1

Zin

bo
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Z. = Zp | (Zq +Z)
= (0.68 +;3.62) || (0.20 - j2.75 + 1.38 + j5.07)
Z. = (0.66 +)1.48) Q
Q.2 (c) Solution:

(i) Inputimpedance of given circuit is given as

Z,, = (jol) H(R+%j

Jw

. 1
(](J)L)|:R + ]w—C}

" R+ joL + L
joC

L + joLR
C

R+j(o)L—1)
oC

To have a resistive impedance, I [Z. ] = 0.

L 1
Hence, (DLRz —(E)((DL ——) =(

oC

owR?C = oL L

oC

®2R2C? = w?LC -1
1+ ®?R2C?

L = 5
0°C
Now, we can solve for L.

L = RC +%
0°C
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1
(27 x 50000)? x (50 x 10~%)

(2000)? x (50 x107%) +

h
Il

200 mH

(i)

V2=V2+VZ+2V,V, cos 6
145% - 110° - 50°
cos 0 = T 50 x 110
0 = 54.26°
i= 2 _0esa
80
Vi = V, cos 0 =110 cos 54.26°
V, = 64.25°
Ve 6425
R = TRzﬁ =102.8 Q
R = 1028 Q
V, = V, sin @ =110 sin 54.26°
V, =iX, =89.284V
- 89.284
0.625x 2 xmx 60
L = 03789 H
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Q.3 (a) Solution:
Considering the network (1)

+ b 1 L +
1F
vy 10 g 1H 14
Network in s-domain
. L,(s) D 1 @) I(s) .
1
S
120 %5 10 gs V()
KCL at node (1)
Vi(s
L© = 4 (1 (6) - Voo + 1
= V,@)s +2] - Vy©)ls + 1] M
Apply KCL at node (2)
V5 (s
Lo = 224 w0 - Vaels +1)

From eqn. (1) and (2)
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Therefore, y-parameters are

s+2 —(s+1)
_ 2
W= | oe1) [w}
s
Now, consider the network
Q I L
AVAVAVAV + +
V, 1 [v] V, %: 2Q
V.=V, 4 or V.-V, =1 -(3)
Also, vV, = -2, ..(4)
= L=y ViV, ()
I = ynVi + ypV, -.(6)
From (3) and (5)
Vi-Vi=yVi Vs
= Vo= 1+y)V, +y,V, (7)
From (4) and (6)
=05V, = yu Vi + ¥V,
= 0=ynVi+ Yy + 05V,
1
= V= ———(05+yn)V, -(8)
Yo
Substituting (8) into (7)
1+
v, = —(AJ (05+y»)Va +y12Vs
Yo
~(3+5)(s> +155+1
V.= [ ( —zs(+1)><s )_(S+1)}VZ
. 2.55% + 4.5 + 3
On solving, vV, = G+ 1) 2
2
V.= —
s
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2 255 +455+3

- s(s+1) 2
V. = 2(s+1)
2 2552 +455+3
0.8(s+1) Volts

27 2 i185+12

Q.3 (b) Solution:

For the given circuit, mutual inductance between the two coils is given as
M = K1/L1L2 :%X\/IXZ =1H

Given circuit in s-domain can be drawn as

1Q L I
2s g Es

® (@) (@) 20%0,
4+ O

[N

KVL in loop 1,

6
T (1+ 29)1, +sl,
For loop 2,
sl +sl,+2I, =
sl + (s +2)I, =
Substituting (2) in (1)
6 _ [—(1 +25)(s+2) N s}lz
s
6 = [-(1+2s)(s+2)+5I,
B 6
12 - _( 2
s° +55+2)
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v, =2l
yoo_ 12 12
©  §2455+2 (s+0.438)(s+ 4.561)
A B
Vv = +
© " (s+0.438) s+4.561
A= 22 2.91
4123  °
B= "2 _5g
4123
291 2.91
Therefore, Vol) = 550438 s+ 4561

On taking Inverse Laplace transform of above equation
V. (t) = 2.91[e"4%61F - 04381y (1) Volts
Q.3 (c) Solution:
(i) To find Z,, consider the circuit

10 Q -j4 Q
WW I( 0

40 _‘
Zﬂl

°b

2

AAAA

Zy, = 411 (-j4+ (101175))
= 4| (-j4 +2+j4)
Zy = 412=133Q
To find Thevenin voltage (V,;), consider the circuit

0Q vy, T4y,
WW I( o+

N
DO
Tﬂ.,

2020°V (& OI%y

AAAA
vV
IS
©
=
=
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KCL at node 1,
Vi —20+h+ Vi ‘_Vz =0
10 75 -74
(1+j05)V, -j2.5V, = 20 (1)
KCL at node 2,
G Y
-74 4
V,=@1-j)V,+jl6 (2)
Substituting (2) in (1) leads to
28-j16 = (1.5-/3)V,
y, = B0 e 533 Vot
2= T5-j3 _ (B+/239) Volts
Therefore, Vi, = V,=9.615/33.69 V
Hence, Vi, = 9.615£33.69° V
Z, =133 Q

(ii) To find Z,, consider the circuit,
Zgy = =41 (4 +10]j5)
= -4/ 6 +j4=(2.667 - j4) Q
To find V,;, we will make use of result in part (1)

8 .
V, = 8+j5.333 = (5) (3+72)

. 8 .
V, = (v, +16= j16+( 5)5- )

16 .
Vi, =V -V,= ?+ J8 =9.614.56.31° V
Therefore, Vin = 9.614256.31°V
Zy = (2.667 - j4) Q
Q4 (a) Solution:
When switch at position A,
V(0) =12V,i (0)=0A

At t =0, switch moves from A to B. Since the circuit is parallel RLC type.

©Copyright: NADE EASY www.madeeasy.in
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Characteristics equation of parallel RLC circuit is given as

The roots of characteristics equation can be given as

1 ( 1 )2 1
S = — i R,
12 2RC 2RC LC

2 _ 2
—_a + _
> ot o -,

)
I

1 1
2RC 2X3 X —
30
1 1
o, = - = 2036
VLC \/% %60 %1072

" o < o, circuit will produce underdamped response.

—5++/5% — 22362

= -5+]21.79

51,2
51,2

The voltage across igniter is V = V.. Since parallel RLC circuit, therefore, equation of

voltage across capacitor is given as

v (t) = e[A cos 21.79t + B sin 21.79t] Volts

(1)

Att=0, V() =12V
12=(A+Bx0)=A
A =12
Also, dtict(t) = -5¢74(A cos 21.79t + B sin 21.79¢) +
21.79(-A sin 21.79t + B cos 21.7974t)e™> (2
By KCL; —iC = ipti;

dVe(0T) _ —[Ve(0))+Rip(07)] _ <12+0

dt RC (l)
10

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 1 ELECTRICAL ENGINEERING | 29
= -120
Hence, -120 = -5A + 21.79B, leads to
g o 0x12-1200 .
S 21794 7

At the peak value of response,

dV.(t,)
dt

tan 21.79¢, [B + 21'79‘4}

tan 21.79t0

21.79¢,

Therefore, 21.794t,

Q.4 (b) Solution:

0
A+ Btan21.79t, + ( 2179 Aj an21.79;, 217
(21.7913) 4
5

(21 79B )
( A21.79 j 49 55 =-0.484
tan™ (-0.4 -0.451 = 1t - 0.451 = 2.69"
2.69"

209 _ 123.45
21794 _ <00 MSEC

We will find the magnitude of various currents.

ao

L

bo

Iy .
i']

For motor,

For capacitor,

S 4000
J3V, 44043

=5.248 A

1800
440

Qc _

v, =4.091 A
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For lighting,
Vp
I;
Now, if .
ab
(o7
IC
L
where, 0
Therefore, L
L,
I
I;
Thus, 1
I,
I,
IC
IC
I

n

440
=254V

J3

P; 800

L= =315A
Vp 254

V,£0°

3V, £30°

V,£120°

Vap _ o

2 = 4.091£120° A

_]Xc

1%

—ib = 5249./(6 +30°)
Zp
cos71(0.72) = 43.95°
5.249./73.95° A
5.249./-46.05° A
5.249./193.95° A

% =3.15£120° A

I, + I = 5.249./73.95° + 4.091./120°
8.608./93.96° A

I, - I .= 5.249./-46.05° - 4.091.£120°
9.272/-52.156° A

I,+ 1, = 5.249.,193.95° + 3.15£120°
6.827.,167.6° A

I,,=3.15/-60° A
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Q4 (c) Solution:

Let us consider 10£0° V source acting alone in the circuit.

I
5O

AAAA
vy
@
Q
11

= —j4 Q
10£0°V

10£0° 10£0°

P = 5 BI=ja) ~ 5+ 247-3686°

247/-61.66° A

Now, we will take 15290° volt source into consideration.

I//

I

X

Q % 15./90° V

3Q

15290° 15£90°
* o 3+(j5]-j4) 3-j20
I = 0.7417£171.46° A

X

Now, using current division rule,

—j4
[ _I
e XL’S—]'J

I” = 296£171.46° A

Finally, we will consider the 20£0° volt source alone.

I// Iy

j5sz§

20£0°V

A
W
w
©

j4Q
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20£0°
Yo —j4+ 31155

_ 20£0°
~ —j4+2.57.£30.96°
I, = 5.766./50.50° A

Now, again using current division rule.

I///__IX 3
- Y7345

1”7 = 296/171.46° A
Finally, using the superposition principle,
[=TI+1"+1"
[ = 247/-61.66° + 2.96.£171.46° + 2.96£171.46°
I = 487/-164.60° A

Section B : Control Systems
Q.5 (a) Solution:
Step 1 : Eliminating the inner feedback path involving H, and split the first summing

junction into two.

\ (=]

R(s) + \ 1 C(s)
(]
Step 2 : Shift the take-off point on the left of G, to its right.
(]
N G
“ 0 Q@ O o
)
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Step 3 : Eliminating the feedback paths.

G
) —-O—Ia—|rmen <@

1+ﬂ
G

Step 4 : Combining the two blocks in cascade and eliminate the feedback path.

GGy
C(S) _ 1+H1 +H2G2
= =
(s) 1+ G1Go 1+ Hs
1+ Hy + H,Gy G,

Transfer function,

C(s) GGy
R(S) 1+ H1 + Hsz + G1G2 + G1H3

Q.5 (b) Solution:
The given characteristic equation is
0 + 35> + 8s* +18s% + 20s% + 245 + 16 = 0

R-H Table :
11 8 20 16
s° [ (3)1 (18)6 (24)8
s (21 (12)6 (16)8
10 0

Here, s°>-row has all zero elements.

Auxiliary equations :
A(s) = s* + 652+ 8
A'(s) = 453 +12s

Replacing zeros of s>-row by the coefficients of A’(s), the Routh array can be
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Sl 1 8 20 16
$° [ (3)1 (18)6 (24)8
s (21 (12)6 (16)8
(@)1 (12)3
> 3 8
s 1
3
| 8

Here, there is no sign changes in first-column of routh array.
Number of closed-loop poles on RHP = 0.
Number of jw-axis poles = 4
Number of LHP poles = 2

Hence, the system is marginal stable.
Q.5 (c) Solution:
K(s+ o)

Given : G(s) = 5 ; K,=6.25 o =5rad/s
s(s* +12s + 32)

Velocity error constant,

K, = lims.G(s)
s—0
625 = lims-— 1+ %)
s=0  s(s” + 125+ 32)
_ Ko
- 32
Ko = 200 (1)
The characteristic equation,
$+12s2+ 32+ K)s+ Ko = 0 -(2)

The standard second-order characteristic equation is,
2 2
s°+28bws+w; =0
Here, the system is a third order. So, assume that the third pole is at s = -b.
So, (s + b)(s* + 28m, s + w?2) = 0

$7+ (28w, + b)s? + (28w b + w2)s + bw? =0 -(3)
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Comparing eqn. (2) and (3), we get

2bw, +b =12
2o b+o0?=32+K
bo? = Ko
) 200
(5)°
From eqn. (4),
26w =12-8=4
4
£ = %5 =04
From eqn. (5)
K = 28w b+m?-32
=2x04x5x8+(5)?%-32
K =25
Ka = 200
200
o= =8
K=25and o =8

Q.5 (d) Solution:

The transfer function,

G(s) = —(1 . %)

The slope between x and 160 is +20 dB/dec.

18 - (-6)
log 160 — log(x)

160 24
log| ) = 2

10 rad/sec

20 =

X

T R
N N N
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160
20log K = -6
log K = >
%87 20
K =05
0 5(1 + %)
Transfer function, G(s) = 7\
=
160
_ 8(s+10)
(s +160)
The gain cross-over frequency is the frequency at which gain is 0 dB.
From fi 20 = 180
rom Hgure, ~ log 160 —log(w,)
18
20 = ———
160
log
W
160 1009
O
o, = 20.143 rad/sec

Q.5 (e) Solution:

Given:

A= _(3) _03},B=[(1)},C=|:1 2]

The zero input response,
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y(t) = CeAX(0)
M= LM [sT- A}
O _1
[sI-A1 = | °
-3 s+3
1 s+3 0
Cs(s+3)| 3 s
Lo
B s
B 3 1
s(s+3) s+3
Lo
t = 71 5
et =L 3 1
s(s+3) s+3
1 0
= 1-— €_3t e—3i’
Zero-input response
1 0 I
yi = [1 2] 1Bt {2}
5 1
=1
12,
y(t) = 3+ 23
Q.6 (a) Solution:
The closed-loop transfer function
C _ K
R(s)  (s+a+K)
. 1
For unit step, R(s) = N
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Kk
s(s +a+K)

Cls) =

S
" a+K|s (s+a+K)
Taking inverse laplace transform,

Cl) = ——(1-¢~(@*K))

a+K
Time constant,
1 1
Tl = = —
a+K 6
a+K=26 (1)
Open-loop pole is at s; = -a.
The new location of pole is at s, = —711 .
. 1
The new time constant, LTI
() +K
2
1 1
4

%+ K =14
at+2K =38 -(2)
On solving eqn. (1) and (2), we get
K=2anda=4

1
Let s = -a, be the location of the open-loop pole for which time constant is g e

1 -—
a1+K a

Hence,

a1+K

Il
R P ok

ay
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So, closed-loop poles for time constant of % sec.

C(s) _ K 3 2
R(s) (s+a;+K) (s+2+6)
Closed loop pole, s; = -8
Q.6 (b) Solution:
Gi . Cls) = 3(2-5)
tven: () = G+ 1)s+5)
Here, there is no open-loop poles of G(s) on the right half of s-plane, i.e.,
P=0
. 32— jw)
C0®) = Ga+ (o +5)
Maenitud M 3V4+»?
agnitude, =
& Jo? +1V0? +25
Angle, ¢ = —tan™! (%) —tan"(w) - tan™! (%)
When o — 0; G(jw) = 1.2£0°
When ® — o; G(jw) = 0£-270°
The Nyquist plot is
Im

The intersection point A can be determined as,
¢ = -180°
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—tan™! (%) —tan () — tan ! (

tan! (9) +tan! (9
2 5

tan

)

The magnitude of G(jw) at ® = /17 rad/s.

-180°

180° - tan™! (w)

180° - tan™! (w)

-0
17
V17

3421

GGz = g vaz =05
Since, the point (-1, jO) is left of polar plot and there is no encirclement of the Nyquist

plot about (-1, j0), i.e.,, N =0.

Z=P-N=0

So, no roots of characteristic equation lies on the right half of the s-plane. Hence, the

closed-loop system is stable.

1
Gain margin, GM = 05 2
GMy; = 20log (2) =6 dB

The gain cross-over frequency,

3, /méc +4 _,

Jo +1 Jo2 +25
(@3, + 1) (@F +25) = 9(w? +4)
wg + 1707 ~11 = 0

ocopyright: [MADE EASY

www.madeeasy.in



MADE EASY Test No : 1 ELECTRICAL ENGINEERING | 41

On solving, o, = 0.79 rad/sec
Phase Margin,
PM = 180° + ¢wgc
PM = 180°—tan‘1(¥) —tan‘1(0.79)—tan‘1(?)
= 180° - 68.8°
PM = 111.2°
Q.6 (c) Solution:
Given :
GEH() K(s+5)
S)H(s) =
(s+1)°
Open-loop poles, s=-1,-1,P=2
Open-loop zeros, s=-5272=1
Number of asymptotes = P-Z=2-1=1
Angle of asymptotes, 0= (29 +1) > 180
P-Z
(29 +1)x180°
= -1 ;whereq=0,1, .....
6 = 180°

Break-away and break-in points is given by the solution of ax 0.
s

—(s+1)° _~(s>+2s+1)

s+5 s+5
dK [ (s+5)(2s+2)—(s*+2s5+1) 1 0
ds (s +5)°
$2+10s+9 =0
s=-1,-9

Here, s = -1 is a break-away point and s = -9 is a break-in point.

The root locus plot is
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jo

Break-in
point

o

Break-away
point

Q.7 (a) Solution:

Open loop transfer function,

G(s)H(s)

K 2
e
[ P s> +4s% +55+2

2(K1 +SKP)
s(s3 +45% + 55 + 2)

Characteristics equation of given system is,
1+G(s)H(s) = 0
st+4s3 + 55+ (2K, +2)s + 2K, = 0 (1)

Now, we proceed the answer using Routh-Hurwitz criteria.

From eqn. (1),

Routh Table :
st 1 5 2K
$° 4 2Kp+2 0
g2 % 2K; 0
1| (9=Kp)(Kp +1) 8K,
s 18- 2K, 0 0
4
SO ZKI
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For stable system,

18 -2Kp 0
K, <9
and K, >0
, (9-Kp)(1+Kp)—-8K;
Again, >0
gain (45-05K,)
(1+Kp) B 8K; >0
0.5 0.5(9 - Kp)
1+K, > 8K;
9-Kp
9-Kp)(1+K,) > 8K,
K, < (© - Kp)(A +Kp)
8
9+8Kp — K3
K, < ——
! 8
For maximum possible value of K,
4 948Ky —K2) = 0
iK, p—Kp
-2K,+8 =0
K, =14
For validity of maxima,
i(9+81< ~K3) <0
iK, p—Kp
-2<0
Therefore, K, is maximum at K, = 4
9+8x4-16
and Kl(max) = 3
25 '
Kimax) = ) (for marginally stable system)
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Q.7 (b) Solution:

' K
Given : Gp(s) = 5+2)
Step 1 : Gain adjustment :
1+7Ts
Gels) = (1+ oTs)
K(1+Ts)

GG = Siv aTe) s +2)
Velocity error constant,

K = limsGg(s)-Gp(s)

s—0
B K(1+ Ts)
550 (1+ aTs)(s +2)
Therefore, K = 40
H Gy(s) = 20 dG.(s) =
ence, p(8) = 5+2) and G(s) =
Step 2 : Phase Margin
G.(5) 40 20
P s) = =
s(s+2) (1 + 8 )
2
Goljo) = — 7y
P W= —"F7T+
jw(]w + 1)
2
The gain cross-over frequency is obtained as,
20
> 1
1408
W 1
2
R
400 = (’OgC [1 + T
1600 = 403 + o?,

...lead compensator

—=20

1+7Ts
(1+ aTs)
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Assume, u)éc = x
x>+ 4x -1600 = 0
On solving, x = 38.04
Therefore, o, = Jx =6.16 rad/sec

gc
Phase angle at o,

6.16 rad/sec

—90° —tan—l(ﬁzﬁ) =162°

ZG(jo 8 2

Phase margin of the uncompensated system
¢ = 180°-162°=18°
Step 3 : Phase angle contribution required from the compensator.
Minimum phase margin specified = 50°
So, phase angle contribution from the compensator
¢, = 50°-18° + allowance

50° - 18° + 5° =37°

Step 4 : Gain of the compensator :

o = 1—s%n¢m _ 1—s%n37° ~ 095
1+sin¢,, 1+sin37°

Gain of the compensator at the frequency o, .
AM = -10log oo = -10 log 0.25 = 6 dB
Step 5 : Pole and zero of the compensator :

The gain must be increased by 6 dB to find new gain cross-over frequency, ®, .

2
W s

,, 1+%
On solving,
o, = 8.83 rad/sec
Also © = 1
’ m T
1

~
Il
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T j—

1
and ﬂ =
So, Ge(s) =
K =

~ 8.83x05

L = 0.226

17.66

4(s + 4.424)
(s +17.66)

40 and 5 =160
o

Therefore, open loop transfer function

Ge(5)Gpl(s) =
Q.7 (c) Solution:
Given :
£ =
Open-loop transfer function,
G(s) =
The characteristic equation,
1+ G(s)H(s) =
N K(s+ 0;) _
(s+B)

<+ 2B+ K)s + (B + Ko

160(s + 4.424)
s(s+2)(s +17.66)

05 o, = J10 rad/sec, e, =10%

0

The standard characteristic equation is

2 2 =
s°+ 28w s + 0’

On comparing, we get

2B+ K
2B+K =
2B+ K
oK + B2 =
oK + B2

0

2bw
2 x0.5x+/10
J10

;
10
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From steady-state error,

The open-loop transfer function is a type-0 system. So, steady-state error

1
1+Kp

1

But K p

From eqn. (4) and (5),
9B + 7

From eqn. (3)

From eqn. (4)
oK + B2
a x 1.16 + (1)

o

Q.8 (a) Solution:

Given:

1+Kp
9
lim G(s)

s—0

lim K+ Oé)
=0 (5 + )

Ko
B—z

10
1

J10

J10
316-2=1.16
1.16

1000s
(s +10)(s + 100)
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o 710000
G(jw)H(jo) = (jo +10)(jo + 100)
G(jw)H(jw) >
[0 w) = i
jo JO
(1 * 10)(1 ’ 100)

The corner frequencies are
®; = 10 rad/sec
100 rad/sec

The transfer function has a zero at the origin. Hence, the initial slope of L-M asymptotic
plot is +20 dB/dec.

At ®w =10 rad/sec, the LM is
20 log o = 20 log(10) = 20 dB.

At o =100 rad/sec, the slope changes by -20 dB/dec and the slope between 10 rad/sec
and 100 rad/sec is (20 - 20) = 0 dB/dec as at ® = 10 rad/sec, a pole is added.

The complete LM plot is

®,

M (dB)
0 dB/dec
20 _______________ : ,
I R REEEEEEEEEEEE R
/1 '
A\ b
Q§ .
S
0dB .
S © 10 o (rad/s)

From LM plot, there are two gain cross-over frequencies.

20-0
log10 - log(w

20
gc1)

_
o
aQ
7\
e
—
R o
[y
N—
I
—_

1 rad/sec
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20-0
log 100 - log(w

100
-1 = log(w )
82

Also, -20

gc2)

W, = 1000 rad/sec
The gain at 3 dB attenuation is
20-3 =17dB
So, frequencies at 3 dB attenuation
20-17

20 log10 - log(wc, )

10 3
log| — 0
(,l)cl

o~ = 7.08 rad/sec

&1
Also, -20 = 20-17
log100 - log(wc, )
100 -3
log| —| = —
(I)C2 20

O, = 141.25 rad/sec
Q.8 (b) Solution:

Let us assume the state feedback gain matrix
K =[K, K, K]

Given system is, X(t) = AX(t)+ BU(?)
Also, U = -KX(t)
Therefore, X(t) = AX(f) + B(-KX(1)

X(t) = (A-BK)X(H) = A X()

Therefore, gain matrix K is designed in such a way that
|sI = (A = BK)| = (s = uy)(s = u,)(s = u,)
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Now, BK
= A - BK
Now, [sI - (A - BK)]
|sI - A + BK|
Now, (s=uy)(s-uy)(s-u,) =
= (s + 10)(s? + 4s + 10)

3 + 142 + 60s + 200
On comparing eqn. (1) and (2)
K
K
K

1
2

3
State feedback control matrix

0 0 0 0
0[K; K, Kz]=|0 0 0O
1 K; K, K;

0 1 o]0 0 O

0 0 1/-]0 0 0
-1 5 —6| |K; K, Kj
0 1 0

0 0 1
-1-K; -5-K, -6-Kj
[ s -1 0

0 s -1

[ 1+K; 5+K, s+6+K;

s(s*+6s+sK;+5+K)+1(0+1+K)=0
S+ (6+K)s?+ (5+K)s+1(1+K;)=0
(s+10)(s+2+j4)(s+2-j4)=0

0

0 -2)

199
55

199
55
8

Necessary and Sufficient Condition for Arbitrary Pole Placement : The system should

be completely controllable

For controllability :

[Q] =[B AB A2B]#0
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0O 1 01}|0
AB=10 0 1 1(|0|=|1
-1 -5 -6||1 -6
0O 1 o0 0 1
A2B=AAB=10 0 1 1 |=|-6
-1 -5 -6||-6 31
0O 0 1
[QJ=]0 1 -6
1 -6 31
IQd =-1#0

Therefore, we can place closed loop poles for given system any where in reasonable
locations.

Q.8 (c) Solution:
(i) The signal flow graph of the above block diagram is shown as

_H3
RO———¢ ——a

Forward path gain, P, = GG,

A, = The value of A with the forward path removed
Loop gains :

L, = -GG,H,, L, = G,HH,, L, = G;H,
Non-touching loops gain,

LL; = -G,G,G3H,H,
A=1-L,-L,-L,+LL,

= 1+ G,G,H, - G,H,H, - G,H, - G,G,G,H,H,
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The transfer function,

C(s ZPKAK

)
(s) A
)

O =

S

G1Gy(1-G3H,)

R(s) 1+ GyG,Hj — GyH H, — G3H, — G,G,G3H,H;

(ii) The characteristic equation of the system is
1+ (KC + KDS) 200 =0

s(s +5)(s +10)

s° +15s% + (50 + 200K )s + 200K -

Forming Routh array,

0

s 1

52 (15)3

1 | 150 + 600K, — 40K
3

s 40K

For the system to be stable,
150 + 600K, - 40K > 0
< 3.75 + 15K
>0
i.e., K->0
The region of stability,
Ke

Stable
Region

/

(50 + 200K )
(200K - )40K

Q000
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