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l«mmh Semester B.E./B.Tech, Degree Examination, June/July 2025

Control Systems

Note: 1. Answer any FIVE full questions, choosing ONE full question from each module.

2. M : Marks, L: Bloom’s level , C: Course outcomes.

Max. Marks: 100

b Module - 1 MIL| C
Q.1 A Define control system with examples. Compare closed loop and open loop | 06 | L1 | CO1
control systems. L2
Lo L3

' b. | For the mechanical system shown in Fig.QI(b), write the mechanical | 08 | L1 | CO1
# network, equilibrium equations and obtain the electrical network based on L2
| | | F-V analogy. L3
e e D i T
[ e
B4 By
| Fig.Q1(b)
¢. | The force-voltage analogy of a mechanical system i is shown in Fig.Ql(c). | 06 | L1 | CO1l
i Obtain its analogous mechamcal network. . L2
! L3
Fig.Ql(c)
- OR
Q.2 | a. | Explain the effect of feedback on control systems. 06 | L1 | CO1
L2
: , L3
b. | Find the force-voltage analogous electrical network for the given| 06| L1 | CO1
mechanical system shown in Fig. Q2(b) 1.2
/ o L3
]k
A0
4
%
Fig.Q2(b)
¢, | Derive the differential equation governing the mechanical rotational system | 08 | L1 | CO1
shown in Fig. Q2(c) Draw the equivalent voltage and current analogy L2
L3

circuits.
pL]

Tt 1) e

=) B.I
Fig.Q2(c)

ot
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? Module - 2 R SR A e Rt el L
Q3 fac | Determine the transfer function C(S)/R(S) _for lhe gy siow m{ll 2, f[ il
| Fig.Q3(a), using block diagram reduction technique. 13 |

! i bz | 4 !

| !

i
i

i
!
|
; i
|
|

H

b
| Fig.Q3(a)

b. | Determine the overall transfer function using Mason’s gain formula for the | 10| L1 | CO2

signal flow graph shown in Fig.Q3(b). 5
L3

.

Fig.Q3(b)
‘ OR |
1 Q4 {'a. F}nd the transfer function by reducing the block diagram shown in [ 10 | L1 | CO3
Fig.Q4(a). : L2

L3 |

Fig.Q4(a)

b. | Find the transfer function by using Mason’s gain formula for the signal | 10 | L1 | CO2
flow graph shown in Fig.Q4(b). L2

| | |
Fig.Q4(b) } / ’

o datdy
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| BECA403
%*Q % fs-,i._“ Module - 3 ;
= | | For the system shown in Fig.Q5(a), find the (i) System type (h) Static error | 08 | L1 | CO3
; W constants K, , Ky, K, (i) the steady state error for an input r(t) =3 + 2t, L2
‘ ' S 5 ces) L3

TR e
S(S+HD(8+2)

|
£
Lo
%
{

Fig.Q5(a)
‘. b. | Find the step response ¢(t) for the system described by 05| L1 CO3
] : C(s) n 4 ; L2
g L R(s) s+4 L3
i ‘ Also find time constant, rise time and settling time.
f i
E lc ‘DﬂwemeummmnmaMyQMeamrdﬂmmedmaﬂmmswmm. 07| L1|CO3
o L2
| L3
l OR
1 Q.6 | a. | Given a unity feedback system with 06| L1 | CO3
il G(s)= 20(1+s) L2
| s'(2+s)(4+5) ' L3
% (i) What is the type of system?
" (i) Find static error coefficients.
| (m)FmdﬁmmyunomfmcumuUs r(t) =40 + 2+ 5t
b. | Write the general block diagram of the following and explain : 06| L1|CO3
(i) PD type of controller (ii) PI type of controller ; L2
; ; L3
¢. | Derive the response of an under damped second order system for unit step | 08 | L1 Cco3
i input. L2
| 4 : L3
Module - 4
Q.7 | a. | Mention limitations of Routh’s criterion. 04 II:; CO4
‘ : L3
b, | Determine the range of K for which the system is stable such that a unity | 08 | L1 | CO4
§ b L O K(s+13) L2
, ‘ feedback system has G(s) = ———————-—S(S 2 3)6+7) 13
i using RH criterion. Also find closed loop, poles more negative than— 1.
| , i
% ¢. | Check the stability of the given characteristic equation using Routh’s 08 | L1 | CO4
i « method. ; : L2
‘ 0+ 28 + st + 125 + 208° + 16s + 16=0 L3
b e e s e e e B B
OR e Elone e
Q.8 |a. | Sketch the LB’H\H&F@)TEM of system having 08 l[:; | €O4
Gls) He) 2 S 5)a +10) - t:: -
{ \b Skdchlheuonﬂﬂan,RootkxusofsyMLnlhuwng 12 3
| K
GEsIH(s) = AN EE . s e L 1
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‘ Module - i T
; ML s 05
Q9 | a. | Draw the Bode plot for the open loop nansfcx function of a system is 10 ! :J; 1608
‘ Eoot 4 L )’ S 5
: , G(s) = K(1+0.28)(1 35) 13
| s (140.001s)(1+0. 0059)
Determine that the system is conditionally stable. Find the range of K for
which the system is stable.
b. | The transfer function of a system is 10 ll:; ! o
K
G(s) H(s) = ————
(%) Hes) s(s+ 2)(s+10) -
Sketch the Nyquist plot and hence calculate the range of values of K for
stability. l

OR =

Q.10 | a. Obtain the state model of the network shown in Fig.Q10(a) assuming | 10 | L1 | CO5
=R, =1Q,C;=C,=1F,and L= |H. L2
i L3
(% \l/'zl J/Z" Z>3L 2’-# \/
%) j 4] T
Fig.Ql O(a)
h. | Obtain the state transmon matrix for the state model whose A matrix 1s | 10 | L1 | COS
given by - L2
[ 01 J L3
A=
-2 =3
* ok k ok ok
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6a Given a unity feedback system with
oy = 20(1+5s)
s’ (2+s)(4+5s)
(1) What is the type of system?
(ii) Find static error coefficients.
(ii1) Find steady error if the input is r(t) =40 + 2t + 5¢

Sol
@“‘J é@/ = —?OCH- s)

—_—

S (2

= 20 (h+ 8
A ("'9'-"—5) (H— 0-7,5’5)
l&«ma:T[\xg};j Spaln w2

Ky = d/v'u-& 2o (15D =
S$=a &L(aH\__s)Cxﬁ\_g)

((0( ko = At 20( 1+ ) -

S—2 -9L("~+§)C/(t<)

e Maq = b 2 (o) 20 L RS
£-20 QQ.FQC;H_S)

2
- N tyhs &
)= 4ot S /}r 4.5 5

=D A, Elby A=ty A le
"_ 29_} T Ceqc e es,rz i3 eﬁﬁ}

- 4

6b Write the general block diagram of the following and explain :
(i) PD type of controller (ii) PI type of controller

> Proportional + Derivative Controller (P-D Controller) :




We have observed that the proportional controller is slow, as increasing K, would reduce the
damping and thereby produce overshoots. It could also tend to make the system unstable.

A derivative action could help increase the speed of the response.

The derivative action gives an output which is proportional to the rate of chénge of error.

d
my ® = Kda e(t)

As the error initially is large, the derivative action gives a large value (A large current to the
valve). As the error eventually becomes constant (offset), the derivative action becomes zero as

d
da (constant) = 0.

When combined With a proporuonal controller, the derivgtjye controller increases the

onal action initially (as the error is high) and decreases the proportional action to its normal

i
error reduces and becomes constant.
as
calue .
The P-D controller hence increases the speed of (he controller output. The mathematical
ession for @ P-D controller is given below,
exp

m([) = KI‘ c(t) + Kddili c(l) + m,

Computing the Laplace transform, we get .
M(s) = K E(s)+K,SE(s) + M,

It is important to realize that as the error becomes constant (offset), K, %c(l) =0 and the above

sation reduces to 2 simple proportional controller. Hence the P-D controller does not eliminate
OFFSET. A block diagram of the P-D controller is shown in Fig. 12.2.11.

m(t)

n >
s(s + 28wy G

Fig. 12.2.11

A derivative action is equivalent to adding a zero to the transfer function in the Laplace domain

I » C(s)
s(s +25oy,)

R(s)

E(s)

Fig. 12.2.12
Here o is a standard second order system. We now solve this to obtain the P-D
s(s +28w,)
transfer function.
()2 C( )
O/ T | S,
R(s) s(s + 25,)

Fig. 12.2.13




- C(s) G(s)
We know R(s) = 1 4+ G(s) H(s)

2
(K, + Kys) O
s(s+285w,)
p ]
(K, + Kys) ®
[ p——
s(s+2Ew,)

2 g
C(s) - (Kp.+ KdS) (Dn S
R(S)  s(s+2Em,) + (K, +Kgs) @
C(s) (K, +Ky9) 0,

- -

RG) = 45 (280, +K,0)+K,

Hence the transfer function of a P-D controller is

s (K, + 5Ky ©
R(s) ~ ®

K 2
s2+2mn( = )s+Kpmn
Proportional + Integral Controller (P-I Controller) :

Proportional controllers suffer from a drawback known as offset. One way of climinatingt—h;
offset is by incorporating an integral controller along with the proportional controller.

The integral action is given by the formula
m () = K; [e(t)dt+m(0)
m(0) is the controller output when the integral action starts.

As we know, the integral of a function basically calculates the area under the curve. Hence an
integral controller gives out a signal which is the integral of the error signal e(t).

In the P-I controller, the proportional unit tries to correct the error by giving a signal proportional
to the error but does not succeed completely. The integral unit of the P-I controller continues to give a
control signal as long as the error (offset, in this case) exists. Larger the error, faster is the increase in
the controller output. Hence as long as the offset exists, the integral action provides extra current to the
control valve.

The integral action eventually removes the offset. Due to this property , the integral control
action is also known as automatic reset.

The mathematical expression for a P-I controller is given below,
: ¢
m(t) = K,e(t)+K, [e(t)dt+m()
0




A block diagram ol a P-T controller is shown in Fig. 12.2,7.

P-I Controllor

.......................

'
' 2
)
L M
1
+ ! (s + 2Em,)
H
1
1
1
1
]
1

C(s)

Fig. 12.2.7

2
(V)

S —R—
Here, s + 2Ew,)

Comparing this with the block diagram of a proportional controller, we realize that an integral
gction is added. 2
An integral action is equivalent to adding a pole to the transfer function in the Laplace domain.

1
(Since L[ Jdt]1=5)-
- The block diagram can be redrawn as shown in Fig. 12.2.8.

is a standard second order system.

2
@

s(s +2%ay,)

+ <\ M(s)

— C(s)

Fig. 12.2.8

m(t) = K,e®)+K | e(t) dt +mj
Computing the Laplace transform we get,

K.
K, E(s) + 's" E(s) + M,

[K,,+ESL:| E(s) + M,

We use block diagram reduction techniques on Fig. 12.2.8 to obtain Fig. 12.2.9.

M(s)

M(s)

K
(Kp+_)wi y .\ Cls)
s(s + 2Ewy)

R(s)

Fig. 12.2.9

_ Cs) _ GG
We know R(s) ~ 1+ G(s)H(s)

K\ 2
—i
(Kl‘ + S ) U)"

s (s +28m,)

K\ 2
—l
(Kp+ s)mn

s (s + 2Ew,)

Il

[+

Hence the transfer function of a P-1 controller is

2
cis) (K,s+ Ki):"n ,
Rs) ~ s'+28m,s +K,0 s+K o




6c

Derive the response of an under damped second order system for unit step
input.

Sol

Derivation of Unit Step Response of
a 2" Order Underdamped System

Let us obtain the solution for response c(t) to a unit step

input R(s).
Herer(t) = u(t)
1
s R(s)= 5
C al R(s) c x-l'
oo = «R[s] =
6 =a. 2w, s + 0 s%+2Ew s+ 0, S

Underdamped case 0 <& <1

(.02

- .(5.7.15
s(s% + 28w, s + ©F) ( )

“C(s) =

This can be solved using partial fractions. As ¢ is
0 < & < 1, the roots of second order factor are complex.
Hence instead of finding values of partial fraction
coefficients, let us simply use a simple unique way for
finding those values by making the following adjustments.

1 s+ 28w,
C(s) = &g >
s“+2Em s+ 0,
; s+ Ew
W = -
(S+E.>wn) +mn_§ wn
Eo,
- 2 2
(s +Ew,)? + o) - B0,
1 s+&w, Ew
o C(s) =% - 2' = - P (57,16
(s+Ew, ) +wy (s+&w, )" +wy
where ) = o (1-8)

or wy = (on\fl—(uz il 5:717)




@4 Is called the damped natural frequency and o, Is
called the undamped natural frequency.

From Laplace transforms we know thae,

S+
L.i = —at
{(s = } (o] cos dt
-1

3)2 £eS dz

= = c"“sl. d a -1y
(s +a)2+d? VLRSS ) L s gl

Hence in our case we have,
gt { s + Ew,
s+ Ew 2 2
( 5 ") + Wy

L- 1 éwn _ gmn = Wy
2 2 SElT 2
s+ Ewy ) +wy d (5+8w,) +wy

e~ &op tegs wgyt

Ew,,
= Le—Cw s
wy e n - sin wyt
Since, wy = w,\J1- EZ
Eo,,
Thus the termn —— becomes,
wg
Ew, Ew, E
g w1 -82 J1-E2

Thus the total Laplace inverse can be written as, -

g - Ew
e 7 . sin o4t

-~ c(t) = 1—e %ntcoswyt —
1— &2

— Cuo_t
c(t) = 1—e

cos wyt + St sinwgty ...(5.7.18)
Af1+E2
— &t
c(e) = 1 __e__z_ {‘\} 1 — &2 cos w,t + (sin ogt) E_,}
J1-2
Consider triangle as shown in Fig. 5.7.16.
P

1 2
1-3

3
Fig. 5.7.16

cosae = § sin u.=‘\fl—-_§E
The Iimportant of this triangle Is discussed later.
. St
c(v) = 1 -Q—T_E,_; (sIn « cos wyt + cos « sin w,t)




We have,

c(v)

But we have,

sin Acos B+ cosAsInB

R o=

sin (A + 2

- &t

c

-..(5.7-19)

\

sin (wgt + )

Y e
cos @ a = E
2 e == n 3

Putting this value In Equation (5.7.19) we eet

— mﬂt
e

S

2
11—
.sin (wdt +@n ! 3‘.;3) ...(5.720)

Equations (5.7.19) and (5.7.20) represent the solution
for O <& < 1 for the underdamped case.

We notice that the response contains a sine term
multiplied by an exponential decaying term. The result will
be sinusoidal decaying on an exponential envelope.

See Figs. 5.7.17(a). (b). (<), (d).
1,(1)

A

@)

f=(t)

— ar
e

- l > t

(b)
F's
Iy xfa=8 sinwt

(<)
Fig. 5.7.17 (Cont...)




Ac(ty=1- n'“aln (0]

F~ e~ Z—n"‘"ﬂ'
[ 1Y (SRR Py ----fFF
< === > |
w N
(d)

Fig. 5.7.17 : Underdamped response

1) Notice that the response overshoots the reference and
oscillates before settling to the final value,

Underdamped systems, thus and exhibit overshoots and
undershoots.

zl'ld Brd

2) The pole-locations are in the and quadrant for

this response,

It is important to note that the complex poles are at,

Sy, 2 =_ —émniimﬂ 'Jl-E.iz

The real part of poles generate the decaying
exponential, while the imaginary part produces the pure
sinusoidal function.

7a | Mention Limitations of Routh's Criterion

Sol a. Applies Only to Linear Time-Invariant Systems

: b. Does Not Provide Exact Root Locations (location of poles)
c. Valid for only real coefficients
d. Does not suggest methods for stabilizing

7b Determine the range of K for which the system is stable such that a unity

feedback system has G(s) Biat13)
s(s+3)(s+7)

{ using RH criterion. Also find closed loop, poles more negative than — 1.
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Sol
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7c

Check the stability of the given characteristic equation using Routh’s
method.

sO+25% + 8s* + 127 + 2082 + 165 + 16 =0




Sol
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8a

Sketch the complete Root locus of system having
K

G(s) H(s) =

s(s+5)(s +10)
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Sketch the complete Root locus of system having

K
G(s) H(s) =
(8) H(s) s(s+1)(s+2)(s+3)




Sol

(43

syL: fobyor S:o,s-.—l)ss—i-,fw'} tenes f =4

S -l |fome Z==0°
fyn)

2" HHL.

O
o

0-4s, 6= l}s‘)ﬁ ;,1:«5')8,7=3|5'

X‘r bt jm(ﬁ_/g:cl&\ (pl"ﬁ W;tor‘mg QX . Leyemy gzu-lf_}, g

S = '(:\S o
..Q:\}; Blsg
+y
—J’
\
Q.55

9a

Draw the Bode plot for the open Ioop transfer function oT a System 1s
5 B
Gy~ }((1 +0.2s)(1+0.025s)
s*(1+0.001s)(1+0.005s)

Determine that the system is conditionally stable. Find the range of K for
which the system is stable.




sol | 18 2 poted M@M%h/WﬂMd}W—éDd&/o&L
: partind Brsough intissedim oy cO=4 avd 0dE -
d) S'«.H_/Je Sp/‘uo} C/_f.o,Q.S))T,:O,?—) L\)c/:_?LI =5
U Lind o)y plepel —+ 20cR [Aec jv’l WS -
57 %,(}+o.02§5),R:o.oﬂ.gjwcy—,_%l_;%
. SC- L gy (Mopt ~+ 20 & lddec 5&@240

TR
Srt(ﬂhé/b W,Lodé/dac io’(w > 200 /
;) Qr»}’aw )CT_[—LWS) ) ‘77" :0’00'/.MC,[{—::E—_-5IM|
Gliw) = 4 1¢0-24W0 ) ( 14+ D025 41)

Z‘;"Us /\ VA=) ol;‘m/\T/-/—n '005‘1'1,0)

Phaseongle BLle ~ faon  PROAL Qangle Pl SoASach —1R0°
“~w | Pe .| PLl) apik tima v -,

- 2 W, = Lo
0.5 !-—2-63'75_ Wpey =20 od Wpc 5

S TR ise | Sy e bl oy i palucssy

i = 16T, 74" ¥ 4 thgﬁ Wey ¢ belises.,
e *“,7 RBopd D ax ghowm -
| T U gheowot¥ad fuplBin iy tomolilDral
) 60D ;&L";ﬁi— Al

m | —270° | Arww, = 20, AB=+64dB
L & 2ol Eo bl = IS8




£30
+ho

~+ Lo

+10

-

1

' Kagle 6) K U

AT Wyprs =400, CD = /08,5 20LAK = /0D

K = |ppooo

IS&S < K 1poooo

q )
[

= |
i
[
|

‘

- ——

=

9

I'he transfer function of a System 1S

G(s) H(s) =

K

s(s+2)(s+10)

Sketch the Nyquist plot and hence calculate the range of values of K- for

stability.
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10 | Obtain the state model of the network shown in Fig.QIU(a) assuming
Ri=R;=1Q,C;=C;=1F,and L = 1H.
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Obtain the state transition matrix for the state model whose A matrix 1s
given by
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