CoONTROL SYSTEMS TEST 5

Number of Questions: 25

Directions for questions I to 23: Select the correct alterna-
tive from the given choices.

1. The transfer functions of two compensations are given

k(0.1 +1)  k(025+1)

an

below G, = "0 5541) 2" (0.1s+1)

Which one of the following statements is correct?

(A) G, is lead compensator and G, is a lag
compensator

(B) G, islag compensator and G , is lead compensator

(C) Both G and G, are high pass networks

(D) Both G and G, are low pass networks

2. The following relation involving state transition matrix
¢(7) is True?
(A) §(kt) = ¢™(1)
B) o, —1,)=0 —1)6(-1)

© o(=1
D) @ =e"

3. What is represented by state transition matrix of a
system?
(A) Impulse response (B) Zero state response
(C) Forced response (D) Step response

4. A first order system with a proportional (p) controller
in the negative feed back loop has an off set to a step
input. This off set can be eliminated by
(A) adding an integral mode to the controller
(B) adding a derivative mode to the controller
(C) decreasing the magnitude of the gain of the

p — controller
(D) increase the stability

5. The state space representation of a system is given by

;C(t): o x+ ! u and —[I}Tx
0 -3 0 Tt

Then the transfer function of the system is

1 s+1
@A) T3 B e ast3
K 1
© # a3 O T

. 1 2 0
6. Let X = x+ u
b 0 1

Where b is unknown constant. This system is _____
(A) uncontrollable for all values of b

(B) controllable for ‘b’ =

(C) controllable for all values of ‘b’

(D) uncontrollable for » = ‘0’

7. A state variable description of a linear system is

X () = Ax(1), where x(f) is the two dimensional state

10.

11.

Time: 60 min.

2
vector and A4 is given by 4 = { } Then the

-1 -3
system is a

(A) under damped system

(B) over damped system

(C) critically damped

(D) undamped system

The transfer function G(s) of a PID controller is

1
(A) k|:1+T,.s+—} B) k[1+TS+T)S]
r ks !
1
© k {1+—+Tds} (D) AandC
p T;.S

Which one of the following statements is correct?

A plant is controlled by a proportional controller.

If in that plant a time delay element is introduced in
the loop, its

(A) phase margin decrease

(B) gain margin increases

(C) PM increases

(D) G.M remain same

Which of the following are the effects of P/ controller?
(i) Steady state error improves

(i1) Reduces high frequency noise

(iii) Rise time decreases

(iv) Damping factor increases

(v) Stability increases

(A) iandiionly (B) iiandiii and v only

(C) i,iiandiv (D) 1,1i,1v and v only

A feed back system is represented by a signal flow

graph shown in figure

The state model of signal flow graph is
(A) X () =-x, +x,
X, () = —x, —x, T ()
B) x ()=x —2x,
X, () = —2x, —x, T W(s)
(©) x,(0)=—x, +x,
X, () = x, = 2x, + ()
(D) None of these
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12.

13.

14.

15.

16.

Consider the electrical network shown in figure
L

] 1 I—

il
<

@

The state equation matrix 4 by considering V and i, are
state variables is

0 -1/C 0
) % ~R/L ®) [L —R/L}
0 ¢ 0 1/L
© L —L/R} ®) [1/c —R/L}

A system is described by the following equations

X () =x,() x,() =—x,() — 2x,(¥) + u(t) and output
»(#) = x,() + x,(). The steady state error due to step
input is
(A) 0

1
© 3

(B) «©

D -1

D) 3

A state space representation of a system is given by

=% Mey=[1 e andx@=| |
[_2 0:|x,y[— ]x, an x(){o] e

output of this system is

(A) cos~/2 ¢+ sin/2 1
(B) —cos~2t —24/2sinv/2 ¢
©) cos+/2 1 + 242 sinv/2 ¢

(D) cost+2 V21

In the following state equation u is the unit step input

: -2 0 1
X —{ 3 1}x+ {2} u,y=1[0 1]x, the system is

(A) Controllable but not observable
(B) not controllable but observable

(C) controllable and observable

(D) not controllable and not observable

The open loop transfer function of a plant is
(s+1)°

-4

If the plant is operated in a unity feed back configura-

tion then the lead compensator that can stabilize this

control system is

A) 4 (s+2) 4(s—2)

3 ) s+

G(s)=

17.

[

20.

. The

9.

2As—2)
(s=1)

A particular control system is described by the follow-
ing state equations

: 0 1 0
X= {_3 _2} X+ M wandy=[k 0]x
The transfer function of this system is

y(s) k y(s) k
(A) =2 (B) =2
/l(S) s*+2s+3 ﬂ(s) s +3s+2

3(s—4)
s+1

© (D)

y(s)
‘u(s) T st +s5+5

(©) (D) None of these

closed loop transfer function of a system is

m, the state model matrices are

-1 0 1
0 _2},B=M,C=[—1 1],D=[1]

-1 0

1
0 _2},B=m,c=[l -1], D=10]
10 1
0 2},13:[0},0:[1 1],D=[1]

s 2} m {1}
B=11.C= »D=10]
0 1 1 -1

The maximum phase shift that can be provided by a

(A) 4=

(B) A=

©) 4=

(D) A=

" function G (s) k(1+2s)
compensator with transter function G (s) = —(1+ 65) is
(A) 60° (B) —60°
(C) 45° (D) -30°
A system has the transfer function
G s)— 0.2(0.2s+1)

)= 05541
Its gain at frequency of maximum phase
(A) 0.126 (B) 0.632
©) 1.2 (D) 03

. For the given network, the maximum phase lead ¢, of

V, with respect to V is

sl R] -1 RZ
(A) o |:Rl +2R2:| (B) o8 |:Rl +R2 :|

R R
(C) Tan' {—1 1+—'} (D) A and C only
2\ R

22. Which of the following are NOT effects of Derivative

controller?
(i) Steady state error increase
(i) Type of system increases
(iii) Stability increases
(iv) Both steady state error and stability decreases



(A) only ii

(B) 1, ii and iii only

(D) iiand iv only

23. Derivative feedback is employed in the control sys-
tem shown in the figure, to improve its damping. If the
required damping factor of the system is 0.5, the value
of K, must be adjusted to

C(s)

+ _’®_’_’®_ s@s + 1) g

(A) 7 (B) 13.14
(G (D) None of these

Direction for questions 24 and 25: Consider a control
system with state model

o)L 2L Lo
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24. The state transition matrix is

[ 2e7 + e e +e™
(A) S,
_—2@" +2e —e ' +2e7
I 2e—t _ eZt e—t _ ezr
(B) v i iaa
_—2e” +2e* —€' +2e”
B 264 _ e—zr e—t _ e—zr
C
© _—2e” +2e7  —¢! +2e2’:|
(2 + e ' —e™
(D) 2 ~t 2 -2t —t 2 -2t
| 2¢7 —2e e’ —2e

25. Find the zero state response.

R e—t _ e—zr 5 e—f _ e—2t

(A) _—e” +2¢7™ ®) e’ —=2e7
e +e7™ e’ +e

(C) e—t +2e—2t (D) e—t _2 -2t

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

6. C 7. B 8. C 9. A 10. C

16. B 17. A 18. B 19. D 20. A

HINTS AND EXPLANATIONS

1. Pole — zero
G

cl

Pole near by origin so it is a lag n/w (or) LPF
G

c2
Im

Zero near by origin it indicates lead n/w or HPF.

Choice (B)
2. We know
State transition matrix ¢(f) = e
0(0) =1
And ¢ (k1) =0 k()
So only option B is correct Choice (B)

3. We know for zero input
x(1) = ¢(1) x (0)

o(?) is a zero state or free response.

Choice (B)
4. Choice (A)
5. TIF=C[s[-A]'B+D
D=0
s+1 0
(SI—A) =
0 s+3
—1 0
adj(sl — A) s+1
gy =
(s/=4) |sI—A| 0 !
s+3
1
0 1
mE=11] %" | M
0 -
s+3
1
=[1 1] s;)i—l =il Choice (D)

6. Controllability matrix
QO =[BABAB....... A"™'B]
Where n = order of matrix 4
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7.

10.

11.

12.

n=2
0. =[B 4B]

o=y ol (L7
b 0 2%2 1 2x1 O 2x1

10]=-2
|Q | # 0 so the system is controllable for all values
of ‘b’. Choice (C)
Characteristic equation of the system is
ISI—A|=0

s =2
==y 7]

s =2
IST—A| =
1 s+3

s(s+3)+2=0
s2+35s+2=0
o = V2 rad/sec
20o, =3
3 .
C= ﬁ s> 1 Choice (B)
PID — controller = P+ 1+ D

k
Gs) =K + ¢ +kys. Choice (C)
a time delay element reduces the both G.M and P M.

Choice (A)
Effects of PI controller
(i) Type of the system increases, hence e decreases

(i) It acting as a LPF so BW Jand Rise time
(i) E=>MP % L
(iv) LPF so it reduces high frequency noise.

Choice (C)
X, =-x tx,
X, = u(s) — 2x, — X,
X,= u(s) —=x, —x, Choice (A)

Initial conditions are state variables
Two memory elements, So 2 variables

L
L
Vv > _
|—> system—o° * Vi
T T + | +

Vol |<T> VC___C V,<R

I=1+1,
cdV

c

I=c—=+1,
av. 1., |
=L e (i
V.-V, —i, R=0
di,
T =V —iR
di, 1 )
7 W-iRy e (i1)
v, -
| _ c £ +lelr
di l ﬂ i 0
dt L L
Choice (A)
13. TIF=C(SI-A)'B+D
0 1 0
Where A = ;:B=
-1 2 1
Cc=[11]
adj(sl — A)
A= —
(sI—A) \sI—A|
. s -1
CI=D=1 i
[sI—A|=s(s+2)+1=5>+2s+1=(s+1)
) s+2 1
Ad](s[—A)={ }
-1 =
T(s) = [1 1 s+2 1110
=010 |
1 0
T(s) = (5+1) [s+1 s+1] [1}
3 s+1 _L
S (s+1)? 0 s+
RGN
u(s) s+1
u(s)
)= s+1
|
ut u(s) = P
1
) = s(s+1)
__
)= s(s+1)
y=Ltsyis)=1
e =1-y =0. Choice (A)



2" method:—
E, (0)=(1+CA"B)

14. A= {_02 0} 2 x(f) = ¢(7).x(0)
o) =L" {(s/—A)"}

R R

O(s) = (s/—A)"

I = s -1

l-A)=1,

|s]—A|=s*+2
_adj(sI—A)_ s 1

o= Ty ‘{_2 JX

X(s) = d(s) x (0)

1 s 1 1 1
N 2 +2 {_2 s:| |:0} N 2 +2 {
/= cos~/2t
X —/2.sin~/2¢
T COS\/EZ‘

|

-2

(1) = (— cos~/2¢ —2+/2 sin \/Et) Choice (B)
15. Controllability matrix Q :
=[B 4B]
-2 0|1 -2
AB= =
0 - 1 -2
12 =5

10.1#0

Controllable observability matrix Q:

g,=[Cr4C....... A-'CT

0,=[CT 4°C")

-2 =310 -3
ATCT = —
0 -3
e P
|Q,| # 0 Observable Choice (C)
16. Overall T/F is G (s) = G(5).G ()
G (s) is a lead network
(s+1) k(s—=2)  k(s+1)
G, (s)= =
(s+2)(s—-2) (s+1) s+2

= stable

From the given options. Option B is satisfies

Choice (B)
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17. From the given state equations

Y(s) = x,(s)
X1 (1) =x,(1)

X2 (1) = -3x, - 2x,(0) + (o)
Apply both sides laplace transform
SX (s) =X (s)

sX(s) ==3X (s) — 2X () + u(s)

5°x () = =3x,(s) — 2x,(s) + u(s)

X,(s) [s* + 25 + 3] = p(s)
k.u(s)
Ys) = S +25+3
Y(s) k Choice (A
ﬂ(s) T2 +25+3° oice (A)
18. Given H(s) = CLTF = m
H(s) = L +L
()= s+l s+2
K, =H(s)x(s+1)ats=-1
K =1
K,=H(s) (s +2)ats=-2=-1
1 1
H(s) = s+l s+2

= [diagonal matrix of poles]
1
B= [1} ; p # z and no repeated poles

C = [residues of poles]
= [k k]=[1-1]
D[0];p#z

o 5

Any T/F having ‘n’ multiple poles then ‘B’ have
(n—1) zero’s in B matrix
No of poles (p) = no of zeros (z) then D =[1]

Choice (B)
19. P<z
Lag compensator
G (s) = k(l+sr) 2 and pr—6
s t=2and Bt =6.
< (14 frs)
=tan’! {1—}
N
a=p=3
= tan™! { }
=Tan! {ﬁ} =-30° Choice (D)
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20. |G, (jo)latw = o

1 1
® = =
norda N02x05

Cl—oa J1+(0.20, ) _ 0.2366 o2
G1=0. J1+(0.50, ) 1.87 '

= 10 rad/sec = 3.162

Choice (A)
21. For lead n/w
R, |
o= <
R +R,
We know ¢ =tan™ {l—a}
m 2\/3 24.
(R /R +R,) R (\/R1+R2)
=tan’! \—F=———= =tan’! \————F7—
R, 2\R,
R +R,
R R
=tan! {—=. [1+—
n { ke }

Choice (D)
R +2R,

. {2.,/132 (R, +R2)}
¢, =cos! 4——F7.
22. Derivative controller G (s)
G(s)=k,S
(1) Zero adding at origin so type of system decrease
(ii) stability increases

(iii) Steady state error increases Choice (D)
23. The closed loop transfer function of the system is
100
@ _ s(2s+1)
R(s) s Kbs 100
s(2s+1) s(2s+1)

25.

- 100 - 50
257 +s5+k,s+100 57 +0.5(k, +1)s+50
C(s) 50

R(s) s +0.5(k, +1)s+50
Given £ =0.5

W, =50

o, =7.07 rad/sec

26w, =0.5 (k,+ 1)
2x7.07=k,+1

K, =13.14.

‘We know
o)y =L"[(SI-A4)"]
s -1
o) = 2 s+3
|(SI—A)|=s(s+3)+2
=s2+3s5+2
IST—A|=(s+1)(s+2)

adj(SI — A)

B 1 s+3 1
9(s) = (+D(s+2) | =2 s

s+3 1
o) = (s+lz(2s+2) (s+1)§s+2)
(s+D(s+2) (s+D)(s+2)
o) =L"'{d(s)}
20 —e™

- {—Z.e’ +2.e7

Choice (B)

e—t _e—zt
—e 42|
Choice (C)

State response: Input u(s) =0
X(s) =[(sI —A) "] x(0) + [(s] — A) . B.u(s)]
x(2) = ¢(1)-x(0)
2 —e™ e’ —e

- =y
=
¢ e 42— 427

0
X(0)= L}

Choice (A)
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