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Q2 a. Given y(t) =te™
Take Laplace on both the sides

Y(s)=—1— X(s)

(s +1)°
Hence we have find the transfer function now they have stated X(s)is given stepinput
1
Y(§)=———
(s +1) %

A B C
Y(s)= 4 —
(s) s+s+1+(s+1)2

A=1B=-1C=-1
Taking laplace inverse we have

Y (t) :(1—e‘t —te‘t)

Q2b.
L
The step response equation is Y (t) = A[l— e f]

Y (t) = y-ys T = 6 sec, A= (100-80) =20
6
i) y—80=20(1—66J
y =80+12.64=92.64 °C

t
i) y-80=20 [1—e GJ

t
90-80 =20 (1 —ef J

t=4.15 sec



iii)  90% of ultimate response is 0.9 x100 =90 °C
Hence answer is same as above i.e. t = 4.15 sec

Q2c
g ft*fmin —l /,4 21t
= e
‘R;- = _'.';l.";zm 4 : R.= h-tl.f-:tl:
dh
. —d. = A
d-0,—-9; at
h h dh
-l )
R, R,  dt
At steady state:
h, h, . dh,
-5 "R A @ T )
1 2 t

Deviation variable form by subtracting equation(2) from equation (1)
(h-hy) (h-hy) _,d(h-h,)
R, R, dt

Q =(a-0s), H=(h-hs)
Now egn (3) becomes:

(q_qs)_

H dH

H
LA e 4
Q R, R, dt )

Taking laplace transform of equation(4):

Q(s) - HFES) B l;fS)

H(0) =0

= AsH(s) - H(0)

HE) _HE) _ Asks)
Rl RZ

Q(s) -

Q(s)— H (s)[Ri +RiJ — AsH(s)

1 2



1 1
Q(s)=AsH(s)+H (S)(§+R—J
(AR,R,s+R, +R,)
RlRZ
H(s) _ RR,
Q) (ARR,s+R, +R,)
H(s)  2x5
Q(s) (10As+7)
Hs)  10/7
Q) (104 ps+1)
H(s) 143
Q(s) (2.855+1)

Q(s) = H(s)

Q3a i. The characteristic equation is:
st 48’ + 657 +4s+(1+K) =0
Arranging in Routh Array:

st 6(1+F)

s 4 4

sT 5 1+Fk

s 4-2asn
R

1 1+k

For the system to be unstable:

l_k\\
4(1—[ <0
\ 5 J)

1 {i

Lh



k=4

1+5k<0
g |
kF=-=1

The system is stable at:
- ]_ c:Z:kc:Z:4

(if) For two imaginary roots:

4
4d=—(1+k)k=4

5

Values of complex roots are:

557 +5=0

5 = *7
(iii)
To find other two roots:

(5-5,)(5—S,)(s—S;)(s—S,) =S +4s® +65% +4s + (L+k)

Where s; =+iand s, = -i

Solving and comparing the coefficients of both the sides for s;and s, :
S;,8, =-2%i

Q4a. Root locus for the open loop transfer function:

K
CEHE) = s(s® +4s+8)



Soluion: (i) No.
No. of open- loop zeros ",p .I__x )(‘)cg G

(i) No. of separate root locin — m = 3

(iif) Open-loop plots are at
‘ s=0,s==-24+12j
(v) Asymptotic angles are o

3

= _2_2j

g, = Qg+ 180"
A Py ,q=01, 2
q:o, e|=\—89=60°
3
g=1 6= '803"3 = 180°
q=2’ e}=‘803><5=300°
(v) Centroid o‘=2P—ZZ —2+2i-2-2 __ 133
¢ n—-m 3 -
(vi) Breakaway point:
|+ G Hi=0; 1+ K &l

s(s2 + 45 + 8)

— (s* + 45" + 89)

dK
‘Is_'=—(3s2+8s+8)=0
s=—-8i\164—96
2
=————-"J‘_8i,,5'66.=—4t2.83j

.-

(vii) Point of intersection with imaginary axis.

‘+——-2—’K““'=0=>s3+4s3+85+1<=0
s(s* +4s + 8)
Routh array is 5 1 8
st 4 K
\ 32-K =
s = 0
° K
For sustained oscillation, 32 ; K -0 = K=32
+ K =045 =328 2__g:s=%j283

Auxiliary eqn. is 4s*
(viii)y Angle of departure ats =

A
-2+ 2 is 8, = 180° — (90° + 135 =~ 45°
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Q5a The Bode plot for G(s)H(s) =

Stepl: G(s)H(s) =

100
s(s+0.5)(s+10)

100 B 20
s0.5(2s+1)10(0.1s+1) s(2s+1)(0.1s+1)

Step2: K=20

1 pole at origin e
S

] 1
Simple pole
plep (25

, T1 =2, WC1 = 1/ 71 =05

+1)

Simple pole _ Lt , 71 =0.1, we;=1/13 =10

(0.1s+1)

Step3:Magnitude plot analysis

)
i)

i)

For K=20, 20 log K= 26.02dB

For 1 pole at origin, straight line with slope -20 dB/decade will pass through w=1
and 20log K=26.02 dB line

Overall magnitude plot will continue with slope -20 dB/decade till wc; =0.5. Now
from wcy =0.5 onwards as simple pole is occurring, slope is going to change by -20
dB/decade hence resultant will have slope -40 dB/decade representing addition of K,
1/s and 1/(1+2s). This will continue wc, = 10

At wc2 = 10 again simple pole is ocuuring and hence slope will further change by -20
dB/decade. So resultant will have slope of -60 dB/decade and continue as no further
terms exist.

Step 4

Phase Angle plot :
Gjw) H(w) = = =
jeo (1 + 2j B
e 3 ( ) 10

Z G(jw) H(jw) k]

Zjw Z1 +2jwm £1 v , {':)
z20+jo = 0°
‘fJ‘ = —92)"', 1 pole at origin
jo
- 1 = —tan~! 2w £ 3 = —tan~} =

1+2jm 143 w 10
10



~.Phase Angle Table

® 2 ~tan 1 2 ~tan 1 @ b
Jj@ 10

0.1 - 90° -11.3° - 0.57° - 101.87°

0.5 - 90° - 45° - 2.86° - 137.86°

1 - 9¢° - 63.43° -5.71° ~159.14°

2 .- 90° - 75.96° 113 - 17726°
10 - 90° - 87.13° - 45° -13 |
50 - 90 - §9.42° -7869° | -25811° |
® - 90° o | =% | -ume

Bode Plot:

leum

ez

+20
-20 dB/dec

e l/~40 dB/ decade FJ'

0dE —

=20 s ¢

Y =06
3%

L for i

Eh- 13,57 A
5. soLuTION 2P
& g = 3.4 radisec.

=225radisec i
~|GM =648 f‘i
TpM. =-12° £

SYSTEM UNST

-210
-240°

~270°







