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Basics of Control Systems
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Solution: 1
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(i) Differential equations of the mechanical system are:

M, %y + F(% — %) + Kix, = F(1)

and M, i, -

fiol % — %) + Kyxp = O

(ii) Mechanical equivalent representation is shown below:

(iii) Standard for

f12

T Xy

v® g [ [ 3

.|||—

ce equation:

M—C f—1R K—=1/L, F—=I

EUNO) §L1(= UK) T C(=M)  TCy=My) §Lz(= 11K;)

Solution: 2
X+ I X + LS X=F- 1
M M M
Solution : 3

|Sh| = 1.0202

Solution : 4
K=12
12(s+3)
and Gs) = s(s+2)(s+4)

Solution : 5

Ey(s) _ 1
E(s)  (RCs+1)
| 1]
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Block Diagram
and Signal Flow Graph
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Solution: 1

and

Solution : 2

Solution : 3

Solution : 4

Solution: 5

Solution: 6
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10(10s+1)
Gl8) = “g1is+7)
H(s) = 1
Vi A GGyHH, +(1+Hy) 1+ G H + Gy Hy + GG, Gy Hs)
Ve _ GG,G;G, +G,G5(1+ G5 H>)

Y7 _ GG, G3G, + G Gs(1+ Gy Hy)

Yo (1+Hy) (1+ G5 Hy)
Cls) GG,G;
R(S) 1+ GsH, + GyHy + GG,GsH,
Cls) _ Gs _ G;(1+GoHy)
Ry(s) 1| ~GiGH=H, | o 1+GGoGsHy +CsHy + Gty
14 G,Hs 8
X5 — G12623G:34G45 + G12623635(1 - G44)

X 1=(Go3Gss + GogG34Gap + GpgG34GasGsp + Gog + Gas + Gug)
+(Go3G30Guy + GogGas — GspGiay)

R(s)

R 1 + G1G2H1 + 6263/'/2 + 616263 - G1G4 - G4H2

C(9) G,G,G5G, +G,G5(1+ G,H,)
R(S) ~ 1+G,H, +(G,GsHy)(1+ GoHy) + GG,G,G,H,
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Time Response Analysis
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Solution: 1

Solution: 2

(i)

(i)

(iii) For critical damping,

(iv)

Solution: 3

Solution : 4

Solution: 5

Solution: 6
(i)
(ii)

%

~E S~ X

(iii)  for 1stundershoot,
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Ky=1and K,=1.23

CE = s2+(2+§js+K

®, = 3.16 rad/sec and & =0.71

K=1.37 or K=46.62

—2.24t
ety = 1-£

sin[2.22t + 45°]

t,= 1.415sec and Mp= 4.21%

= 0.105
= 1.66sec.
= 151%
= 1.897 rad/sec
= 1.58sec.
a
G =
(s) 5+ K)
a
Kp:oo,KV: P and K, =0

Total steady state error = 4.54

P +4s+18=0
w, = 4.2426 rad/sec
&= 04714
= 1.6792sec

(iv) T= 1.6792 sec/cycle
(v) Total number of cycles = 1.191
EEEE
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Stability
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Solution: 1
1 360
—|54-K+—
0<K <60 anda<36( K)
Solution: 2
K =325
P =136
Solution : 3
For stability K> 0.3
For 1 pole in RHS of s-plane there should be 1 sign change in first column.
0.05 > K> -1
For 2 pole there should be 2 sign change
0.3 > K>0.05

Solution : 4
The system is unstable and the number of roots with positive real part of the characteristic equation is 2.
Solution : 5
(@) For stability
O0< K< 149
(b) For marginally stable K= 1.49
Frequency of sustained oscillation = 0.316 rad/sec

Solution: 6

2+T
9T-2 Considering positive
values of Kand T

Unstable

Unstable

Stable
Unstable |

01 02 03 04 05 06 07 K

Solution : 7
Number of jmP = 4 (repeated)
Number of LHP =2
As there are repeated roots on imaginary axis, system is unstable.
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Root Locus Technique
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Solution: 1

180°

Solution: 2
Angle of Asymptotes: 60°, 180° and 300°
Centroid = (-1,0)
Break-away or break-in points:
K = 0.234 (valid) at s =-0.422
K = negative (not valid) at s = -1.577

Solution: 3
Break points = -0.46, —2.86
s = -0.46, K= +0.8793 (valid)
s = -2.86, K=-6.064 (non-valid)

Solution : 4

K—oo

S =-3 break
point
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Solution: 5

<,
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J(3) (K=16)

K —oo K=0
3 -2 0 1
—(3) (K= 16)
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Frequency Response Analysis
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Solution: 1

This system is unstable.

Solution: 2

Solution: 3

Solution : 4

System is stable.

Solution: 5

(i) Phase margin=55.6°

(i)

m Conventional Solutions]

iv
,/’r ——————— ™ S
- N .
Lt > Nyquist
/’ N
L + Pplot
; \
// \\
/ \
! W = +oo Y\
I + 1
. =0 \\
f— 1
\ (. 1,0) '
T T
1 1]
/ |
1 =0 /
1 //
N = —oo /
\ /
\ ,/
\\\ //
N /}
~ ,’/
|-
S

(1+5) 1+ 105
G(s) =
(103)(1+ij(1+ i)
10 50

K = 589.66 and a = 30.21

Re

T=1.08sec
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Solution: 6
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e

i

| 2 ]

1

e

- SO 1

p N

_ N
o=0 / N O = —oo

o=0" ®= oo c

C

(

winversing

No roots of the characteristic equations are laying on the right hand side of the s-plane, therefore, closed-

loop system is stable.
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Solution: 1

Solution: 2

Solution : 3

Solution : 4

Solution: 5
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G(s) = 14.6+4—SO+2.4S

C

(1+ 0.3018s)

_ 1310261+ 0.30185)
7(s) (1+ 0.05185)

G(s) = 0.1306(1+1.309s)

1.1029

Gs) = 1.119+

G/(s) = 4349 +0.519s

Solution : 6
G/(s) = 0.7246
Solution : 7
K=117
and K, = 0.065
EEEE
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Solution: 1

Characteristic roots of system are 0, -1, -2.

Solution: 2
et -0 2g7l—2e7
o) = -t —ot -t —ot
-3¢ +3e 26 +3e
Solution: 3
)'C1 O 1 O X1 O
)‘Cz = 0 0 1 Xo |+ Olu
)'Cs —2 —3 —2 X3 1
X1_
y= [4 3 1] X2
X3
4 3 1]
and O,=1-2 1 1
-2 -5 —1_

O,, matrix is non-singular matrix hence the system is observable.
The smallest time constant of system is 1 seci.e. T = 1 sec.

Solution: 4
(i)
—2R,R,
R, + R,)L
ae|BERE
0 e
| (Ry+Ry)C
R —Rs
(Ry+R,)L (R +R,)L
and 5 1+ Rl (R + Ry)
1 1
| (A +A)C (R +R,)C
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(i)
2R, R,
; (Ry+ Ry)L
(Ri+Ry) R,/IL /‘\ 1
€10 < P b © i
i Vs g
—R,/L
=2
R+ R,)C
1/C /4{( 2
1
€, o o3 le] O 0 ic
1 1/C N
R, +Ry) e 1/s e
Solution : 5
X1(t) O 1 O )C1(t) O
Ol=1]0 0 1 {|x(t)|+]|0]u(t)
x3(f) -10 -10 -5]|x3()| |8
X
y(=[1 0 0] | *
X3
Solution : 6
av
th 0 —% y 1
di| |1 _R H ol
at L L
%
% =10 AR] {c}
I
Solution : 7
(i) CE, §$$-3852-5-3=0
12 10
(ii) Controllability matrix = {0 3 9
12 7
(iii) Given system is controllable.
Solution : 8
(i) Controllable form:
X4 0 1 0 0|[X 0
_ X5 0 0 1 0| |X, 0
= + U
State equation, % 0 0 0 1 X, 0
X4 -36 -29 -18 -5]||X, 1

[www.madeeasypuincations.org
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X1
. X2
Output equation, Y=1[75 3 0] X
3
X4
(ii) Observable form:
i 000 -35][X] [1
X 10 0 -29| | X 5
State equation, 2 21+ Ul
% 010 —18]|X,| |3
i, 001 -5]|X| [0
X,
X2
Output equation, y=[0 00 1] X
3
X, |
Solution : 9
1.
x, () = cosv/2t+——=siny/2t
1 J2
x() = —v2sinv2t + cos2t
3 .
y= ——siny2t
J2
(TT1]
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