CONTROL SYSTEMS TEST 3

Number of Questions: 25

Directions for questions 1 to 25: Select the correct alterna-
tive from the given choices.

1. Which of the following are properties of signal flow
graph?

(P) Signal flow graph is applicable to linear network
only.

(Q) Signals travel along branches only in the marked
direction and it gets multiplied by the gain of the
branch.

(R) The algebraic equations must be in the form of
cause and effect.

(A) Pand O (B) PandR

(C) QandR (D) PQandR

2. Which of the block diagram is equivalent to the given
block diagram?

(A)

B)

© g

D) 7

Time: 60 min.

3. The transmittance is

(A) The node point in the signal flow graph

(B) The gain acquired by the signal when it travel from
one node to another node in signal flow graph.

(C) The source input signal applied to the node in sig-
nal flow graph.

(D) None of the above

. The signal flow graph for the transfer function

-1 2
4 3
s+5 s+6

Gl Gz G3
1+G H,+G,G, H,

(A)
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10.

G
1+G, H, +G, ;-11+G3 G H,
_ &
1+G, G, H,
G3
1+G, G, H,+G H,

(B)

©

D)

The overall transfer function of a control system is

ven b C(s) 9
1ven =
SV R(s) 5 +1.8549

Calculate the new damping ratio when derivate feed-
back with a constant of 0.4 is used.

(A) 09 (B) 0.12

(©) 0.6 (D) 0.75

What is the value of R for the following circuit?
(Assume the initial voltage across capacitor is 2V)

1(S)

TS +ds+2
C L
A) 20 (B) 4Q
©) 8Q (D) 16Q

Determine the sensitivity of the closed loop transfer
function with respect to forward path of the following
block diagram at @ = 2 rad/sec

16

(A) 0.51 (B) 1.10
(C) 0.90 (D) 1.54

A unity feedback control system has open loop transfer

4s+2
function of G(s) =7 Then the expression for the
s

time response when the system is subjected to unit step
input function is

(A) 0.5+0.5¢'—0.5te

(B) —0.5+0.5¢"+0.5¢t¢

(C) 0.5-0.5¢"+0.5¢e

(D) 0.5+0.5¢*+0.5te

A closed loop transfer function of unity feedback sys-

tem is =0 Then the velocit ant i
€m 18 sz 465410 . en the velocCity error constant 1S
(A) 10 (B) 0

(C) infinite (D) 0.1

11.

12.

13.

14.

15.

The C/R of the following block diagram.

G, +G,
D) | —————|(G,-G,)
1+G,H, +G,H,

The unity feedback system is characterized by an open

) 400
loop transfer function G(s) =(—
s(s

) 0) . Determine the
peak overshoot for a unit step input.
(A) 16.3% (B) 5.08%
(C) 32.6% (D) 8%

The block diagram of a unity feedback control system
is shown below.

10
ﬁ@T’C%D_’@+4MS+&

At what time the first undershoot occurs
(A) 2sec

(B) 1sec

(C) 3sec

(D) Under shoot does not occur

C(s)

Calculate the natural frequency of oscillation of the fol-
lowing response.

c(t) A

N
LNV

0 4 t(sec)

(A) 0.783 rad/sec (B) 0.838 rad/sec
(C) 1.676 rad/sec (D) 1.57 rad/sec

The transfer function for the following signal flow
graph



16.

17.

18.

19.

G, G,G,G,

A
()p@mHﬁ@@m

G,G,G,G,+G,G,G,
1+G, H, H,+G, G, H,
G,G,G,G,~G,G, H,G,G,
1-G, H, H,+G, G, H,
G,G,G,G.+G,G,G,G,
1-G, H, H,+G, G, H,

(B)

©

D)

The open loop transfer function of a unity feedback

) 100
system is G(s) = S (s+5)(s +55+10) ° Then the
steady state error when the input is R(s) = 6/s>
A) 0 (B) a
©) 3 (D) 2

The damping ratio of the following system is 0.8 then
the steady state response for unit impulse input signal
16 C(s)

v s(s + 0.6)

R(s)

Ks + 1

(A) 6.67 cos 2.4¢ (B) 6.67 sin 2.4t
(C) 6.67 cos 5.76t (D) 6.67 sin 5.76¢

Calculate the steady state error for the following

E(S) s+ Ss+d for unit step input signal
= ——— for unit step input signal.
s(s2 +3s+4) PP &
E(s C(s
1 < (s) Eom! (s)
R(s)= <
S
(A) 0 B) 1
©) a (D) Insufficient data
The value of transfer function
5 -4

Te
¥ =
y N

wy
y o

Qe

20.

21.

22.

23.

24.

25.
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(A) 1.18 (B) 2.93
(C) 0.95 (D) 1.06

The peak overshoot of the following transfer function

S) =

s> +125+36
(A) 100% (B) 10.28%
(C) 5.14% (D) zero

The system response for a unit impulse input is e —
¢!, if unit step input is applied to the system then the
corresponding output is

11 1
—_— 2t — 5,3t —_——— 3t — 2t
(A) 6 7€ +3e (B) 6 3¢ +2e
(C) 6—2¢%+3e™ (D) 6—3¢3+2e?
Calculate the steady state error for the following sys-
tem when a step signal of magnitude 3 is applied to the

input.

-3
L= |
R(s) 5
gve "s+5 C(g)
A
N
T
-5
(A) 1 (B) -0.2
©€) = (D) 0
The output equation y(#) of the following system when
d’ d
unit step input is applied Z +52 46 y = 8u(?)
dt dt
(A) i + 4t +§ et (B) T4 § et
3 3 3
4 8 4

8
(©) 3-4e+3e? (D) FH+de+3e™

Calculate the settling time for 5% error of the system

+4) and

when the system has open loop gain of (—
s(s

negative feedback gain of 4.
(A) 1.5sec (B) 2sec
(C) 0.5 sec (D) 2.5sec

A unity feedback second order system has 3% of peak
overshoot and 2sec of settling time for 2% tolerance
error in the system. Then the corresponding open loop
transfer function of

A 7.29 B 2.7

(A) s(s+4) (B) s(s+4)
2.7 5.4

(Qs@ﬂ%) (ms@nﬂ
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1.
11.
21.

D 2. C 3.B 4. B 5.D
D 12. A 13. D 14. B 15. C
A 22. B 23. C 24. A 25. A

6. A 7. C 8. B 9. C
16. C 17. B 18. B 19. D

HINTS AND EXPLANATIONS

1.
2.
3.

Choice (D)
Choice (C)
Choice (B)
-1 2
Given transfer function 7(S) :i+i
s+5 s+6

The transfer function has two parallel paths
I** Path

_1
r=—2%
s+5
1/s
-1/4 1
R(s) C(s)
-5

By using Mason’s gain formula.

Forward gain — 14 s

5
Feedback gain 3

1
T __%s_ 4

1_1+%_s+5
%

Similarly for second parallel path 7, = 16

Choice (B)
5. For input X (S), the input X (S) is inactive. Then the

block diagram becomes.

> G, >C(S)

Signal flow graph
1 G, 1
X,(8) G, C(s)
1
-G H, -H,
C G
(s) d Choice (D)

X,(s) 1+G,G, H,+G, H,

6. The overall transfer function of the system using deriv-

ative feedback control is
C(s) o

n

R(s) s*+(26w,+? K)s+o?

K — derivative feedback constant = 0.4
From the given system ®, =3
28w =138
£=0.3
New damping ratio = &!
28w =2&w +ok
2xEx3=54
£'=0.9

7. The loop equation
1 V.
SLI(s) + R(s) I(s) +—= I(s) -—==0
SC S

y

[ o

1) = — =
s(sL+R+j
sC
A

[l
S st
L LC

Compare with given equation /(S) =

s2L+sR+l
C

Y,
:721:L:2H

R
=—>=4= R =238(Q
L

Choice (A)

s +4s+2

Choice (C)



1 1
8' SM = =
TOHGE)H() 1 16 60
s(s+3)
B s*+3s
s’ +3s+1.44
S=jw
M -0’ +3jo
SG =TT A 1 aa
-0 +3jw+1.44
e S A Y —110  Choice (B
T 4164144 25646, oice (B)
9. The closed loop transfer function 7(S) Gls
. The closed loop transfer function = ——-
P 1+G(s)H (5)
_ 4s+2 5+05
257 +4s+2  sS+2s+1
7(s) - s+05  s+0.5
S2+2s+1_(s+1)2
C(s) s+0.5
R(s) (s+1)2
) s+0.5 A+ B C
S)=——F=—+—+—-
s(s+1)2 s s+l (s+1)2
A=05=C
B=-05
) 0.5 05 0.5
)=
s+1 (s+1)2
=0.5-0.5¢"+ 0.5t Choice (C)
) 5s+10
10. Closed loop transfer function =————
s*+6s5+10
Open loop transfer function G(s) = M
s(s+1)
Velocity error constant K, = Lt sG (s)
5(s+2
- Lt sx (s+2) _ g Choice (A)
50 s(s+1)

11. From the given block diagram G, and G, are two paral-
lel forward paths and H, is the feedback path for G, +
G,. Similarlly G, and G, are two parallel forward paths

G +G
EZ ——2(G,-G) Choice (D)
R {1+(G +G,)H,
12. Open loop transfer function G _ A0
. Open loop transfer function (s)—S(S+20)
losed 1 fer functi S LA
Closed loop transfer function = 2054400

13.

14.

15.

16.
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Compare the above equation with standard equation

o, =20

28, =20=E=05

e T 100
Choice (A)

C(s) 10

The overall transfer function =
R(s) (s+4)(s+5)—10

Percentage peak overshoot % M,
=16.3%

B 10
s +9s5+10

The characteristic equation s> +9s + 10 =10

wn=\/m 28w =9

f=—— — 142
- 2xy10

The given system is over damped system therefore
there is no undershoot in the waveform.
Choice (D)

From the given waveform m, = 0.3
03=¢ /47

n
= W, =—F————==10.838 rad/sec Choice (B
441-0.35° ®)

The signal flow graph has two forward paths and two
loops and the corresponding gains are
1 forward path gain = +G, G, G, G,
2 forward path gain=-G, G, G, G, H,
I* loop gain=+G, H H,
2" loop gain = -G, G, H,
By using mason’s gain formulae the transfer function is
G G,G,G,-G G,G,G, H,
1-G,H H,+G,G, H,

Choice (C)

Acceleration error constant k, = SLtO S2G(s)
-

it & 100 _ 100
= X =
= st (s+5)(s2+5s+10) 50

K =2

a
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steady state error

6
e, =33

17. The transfer function of given system is

18.

19.

20.

16

C(s) s(s+0.6)

R(s) | 16 (Ks+1)

s(s+0.6)
16

"7 +(0.6+k16)s5+16

Choice (C)

Compare the characteristic equation with standard
equation 2 £ ® =0.6 + 16k

=K

2x0.8x+/16-0.6

16

C(s) 16

R(s) S+645+16
R(s)=1

=C

16

16

(5)=

24

Given signal is error signal E(S) =

24 (543.2) +(2.4)

=0.3625

(s+3.2) +(2.4)

Steady state error e = Lt s.E(s)
5§80

=LtS

§—-0

s +5s+4
s

(s2 +3s+4)

> = 6.67 sin2.4¢ Choice (B)
s’ +5s+4
s (sz +3s+ 4)
]= 1 Choice (B)

In the given signal flow graph two forward paths and

three

loops.

I* forward path gain = 36

21 forward path gain = 90
1** loop gain =-30
2 Joop gain =75

3t ]o

The transfer function =

=1.0

The transfer function 7{(s) =

op gain =-12

6

36+90
1+30+75+12

s +12s+36

Choice (D)

The characteristic equation s*> + 12s + 36 =0

Compare with the standared equation then

w =
n

g=1

628w, =12

& = 1 the system is critically damped then peak

overshoot is zero.

Choice (D)

21.

22.

Ct)y=e?—e™
1 1

s+2 s+3

1
C - @ @@
O (5+2)(s+2)
R(s)=1
The transfer function of the system is

C 1
7(s) = R(s)=

(s) (s+2)(s+3)

If R(S) :é then C(S) =

C(s) =

RS B
T6s 2(s+2) 3(s+3)

ot ot
6 2 3
The closed loop transfer function =

)
s—75

2
G(s) H(s) (s+5]( 16)
Then kp = SL_)IO G(s) H(s)=-16

3
R(s)= 5

S.R(s
Steady state error e = Lt

dy . dy

. Given W+5.—+6y=8u(t)

dt
1
Given u(f) = U(s) =3

= 87 )(s) + Ssp(s) + 6y(s) = 8U(s)
8

- y(s):m
8
Y= )62

s(s+2)(s+3)

s-01+G(s)H (s)

Choice (A)

s+5-16%x5

Choice (B)



24,

25.

4 8
Apply Inverse Laplace y(f) =3 —4e™ + 3 et

Choice (C)
Given G(s) :m
H(s)=4
) G(s)

Closed loop transfer function 7(s) =——————

1+G(s)H (s)
_ 4

s*+4s5+16

The characteristic equation s> +4s + 16 =0
o =4

28w =4
£=05
- ) 3

Settling time 7 (5% error) = o,
_ 33, |

05x4 o = Choice (A)
Given settling time for 2% tolerance

4
A
ST Ew,

%peak overshoot =e / - 100
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003 —¢ /7
In(0.03) e
n(v. =
Ji-&
—CTT
P
1—¢&
= £=074
4
-t
= =7,
4
W =—=270
= T T074%2

For second order system the standard closed loop
2

. fer function T(s) = ——
ransfer function 7(s) & 128w 51
- 2.7
2 4+2x0.74%2.75+2.7

7.29

TP +454729

T(s)

7.29
s(s+4)
Choice (A)

Open loop transfer function =
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