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Preface

Civil Service is considered as the most prestigious job in India and
it has become a preferred destination by all engineers. In order to
reach this estimable position every aspirant has to take arduous
journey of Civil Services Examination (CSE). Focused approach and

strong determination are the pre-requisites for this journey. Besides

this, a good book also comes in the list of essential commodity of

this odyssey. B. Singh (Ex. IES)

| feel extremely glad to launch the revised edition of such a book which will not only make CSE plain

sailing, but also with 100% clarity in concepts.

MADE EASY team has prepared this book with utmost care and thorough study of all previous years
papers of CSE. The book aims to provide complete solution to all previous years questions with

accuracy.

On doing a detailed analysis of previous years CSE question papers, it came to light that a good
percentage of questions have been asked in Engineering Services, Indian Forest Services and State
Services exams. Hence, this book is a one stop shop for all CSE, ESE and other competitive exam

aspirants.

| would like to acknowledge efforts of entire MADE EASY team who worked day and night to solve
previous years papers in a limited time frame and | hope this book will prove to be an essential tool
to succeed in competitive exams and my desire to serve student fraternity by providing best study

material and quality guidance will get accomplished.

With Best Wishes
B. Singh (Ex. IES)
CMD, MADE EASY Group
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Control Systems

1. Modelling of a Control System & Transfer Function Approach

m Show that the feedback reduces the effect of parameter variation on the performance of the control
system. Also discuss briefly the effect of feedback on the transient performance of the control
system.

[CSE-2002 : 20 marks]

Solution:
Consider an open loop system,

(s)

T(s) = == G(s) R(s) G(s) —Cls)
R(s)
The sensitivity of T(s) with respect to G(s) will be given by
9T
r_ I _9T G_
% = 9G 9G T 1
G
Consider a closed loop system,
T(s) = As) __Gls) R(s) ES) [ 6 Cls)
R(s) 1+G(s)
ol _ ol G 1

G 9G T 1+Gl)
Hence, feedback reduce the sensitivity of the transfer function to changes in system parameters.
Effect of feedback on transient performance:

Feedback reduces the gain of the system.

Feedback reduces the system time constant and thus increases response speed.
Feedback shifts the pole of the system to left.

Feedback introduces the possibility of instability.

Feedback increases the bandwidth of the system.

a s~ =

m Explain the effects of negative feedback in control systems on the following :
(i) Stability
(ii) External disturbances
[CSE-2003 : 20 marks]

Solution: E(s)
For closed-loop system with negative feedback, R(s) &ls) cts)
Ads) _ G
R(s)  1+@(s)
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(i) Stability: Negative feedback introduces the possibility of instability.

This is because the characteristic equation of % may have roots with positive real parts even if
G(s) itself is stable.

(ii) External disturbances: Negative feedback reduces the effect of external disturbances on output.
Consider the closed loop system with disturbances as shown below:

Tp(s)
-1
E(s) C(s)
R(s)e ] © Q © C(s)
Gy(s) Gy(s)
—H(s)
C(s) -1

) = G M) [Considering R(s) = 0]

Thus, feedback reduces the effect of disturbance on a system.

m If the roots of characteristic equation of a linear digital control system lie within unity circle in z-plane,
the system is stable?
[CSE-2003 : 20 marks]

Solution:

The characteristic equation of z-transfer function is

1+GH(z)=0
The stability region in z-plane corresponding to s-plane is located by mapping from s-plane to z-plane.
z-transform is obtained by substituting z = e57in the corresponding impulse train Laplace transform.
The imaginary axis (jw) axis in the s-plane divides stable and unstable regions and the corresponding
regions in z-domain can be obtained by putting s = +jw and plotting the values of ‘'z’ thus obtained in
another complex phase called z-plane.
Therefore, z = e*iol

z=(cosoT =jsinwT)

Magnitude, |z| =1
Angle, Zz==xmT
Thus the variation of the dependent variable 'z’ in the z-plane as the independent variable ‘o’ varied along
the imaginary axes in s-plane is given by a circle of unit radius central at origin of z-plane.

Let, sS=-a+jo [apointintheL.H.S. of s-plane]
z=ete=jo)l= g=¢T(cos wT + jsinwT)
|z| = eoT
Lz==+0T
o and T being positive
Therefore, |z] < 1 [region represents L.H.S. of s-plane]

Hence if the roots of characteristic equation of a linear control system lie within unit circle in z-plane the
system is stable.
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Bl The diagram of a speed control system is given below :

100 Q 100 Q

T—‘VVVV_ AAAA
\AAAJ

Generator Motor

The generator e.m.f. e, is 2000 volts per field ampere. The motor e.m.f. e, is 1.5 volts rad~' sec. The
motor torque K; is 0.5 N-m per armature ampere and the inertia of motor and load is

o(s)
Vin(s) -

[CSE-2011 : 20 marks]

10~* kg.m?. Assuming negligible friction, determine the transfer function

Solution:
T 100 R=100Q
]’ WW —WW—,
Vin L=1H % Load
| / N
Field circuit Generator Armature i E7
circuit
. L o ) dig
Applying KVL in field circuit, Vi, = R +L,:E
Vi.(s) = R, I,(s) + sL,I,(s) (1
Generated emf, 6, = K, i
E,(s) = K, I,(5) (2)
Applying KVL in armature circuit, g = Ri,+e,
E,(s) = RI,(s)+E,(s) 3)
Counter emf of motor, e,= K,o
E,(s) = K,,0(s) (4)
Developed Torque on motor, Ty = Kri,
Ty(s) = KrI(s) (5)
Ty = % {Neglecting friction on motor}
T,(s) = Jso(s) ...(6)
Block diagram from above equations can be drawn as
% I E I, T,
in (S) 1 #(S) K, 9(S) < 1 (s) K, (s) 1 o(s)
Ry +sL¢ R Js
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On reduction of block diagram we transfer function,

o(s) _ Kr Kg ). KK,
Vio(s) | URs+KyK; | Re+sL, | (Rg+8sLg)(JRs+KyKr)

From given data we have,

Ky = 0.5N-m/A
Kg = 2000 V/A
Ky, = 1.5 Volts rad~" sec
J=10"*Kg. m?
o(s) 0.5% 2000 1000

V.(s) (107 x100s+1.5%0.5)(100+5s)  (102s+0.75)(s+100)

5
Hence, transfer function is, (s) = 10
Vi, (s) (s+75)(s+100)

m The transfer function of a thermocouple relating output voltage to temperature is given by

0.625x107*
s+0.125
parameters of the thermocouple. Determine the thermocouple output voltage at t = 8s, when the

thermocouple kept at ambient temperature of 20°C at t = 0 s is taken to a water bath kept at 80°C.
[CSE-2012 : 3 + 4 = 7 marks]

v/°C. Put the transfer function in standard format and find the values of characterising

Solution:

Standard format of transfer function is i .
(Ts+)

V(s —4 —4
So. (S) _ 0625x10™* _5x10

T(s) s+0.125 (8s+1)
For T(t) = Tu(t)
T(s) = r
s
T = Temperature difference between junctions
= Us) = IXM _ XO-625><1O4(1_ 1 )
s’ s+0125 0125 |s s+0.125
= 5T><1O4(1——1 )
s s+0.125
= V() = 5Tx 1074 (u(t) — e 18 u(t))
= V(t)=5T(1-e ) x 10 ut) V

Thermocouple time constant = 8 secs.
Steady state output of the thermocouple for T°C
=5Tx10*V
T = 80°-20°=60°C
Now, T=60°Candt=8sec
: Ut)=5x60[1-e8]x10*V

= 300(6—_1j %107
e

= 189.636 x 104V = 18.963 mV
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m Find the transfer function X(s)/E(s) for the electromechanical system shown in the following figure.

Consider (1) the force acting on mass A(f) = K,i,(f) and (2) the back emf of coil e,(t) = K;

where K, and K, are constants.
R L

’—~x(t)
K
o(t) @ I TR

¢ i) |
-‘_ “ey) D
[/

l

Solution:
Given electromechanical system:
R L

T—'WWT’WJ‘— x(t)
e(t) @ C i) |
el

e —]

b

ep(t) D

Now for mechanical part:
Md?x(t)
ar?
For electrical part:

Kty + 220 _
ot

A =

K, in(1)

o) = i1(r).R+éji1(t) it

di, (t ax(t) 1¢,. .
Also, L 2§)+K1 Z(t)+5j(12—z1)dz=o
=  Apply Laplace transform,
X(s) K>
I,(S)  (Ms®+Ds+K)
@ - R+i
L(s) Cs
Ls+—— | 1p() + Ki X(5) = —~L,(s)
Cs Cs

Using (iv) and (v) in (vi),

2
. {(Ls%)(w%smjﬂg}xw) _ Ci(%)

Kz

= x
E(s) 1+RCs ( 1 J(/\/]s2+Ds+K
Ls+— || = =70

]+K1

dx(t)
dt '

[CSE-2019 : 10 marks]

(i)

(i)

(iv)
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Xe _ 1 CsK,
E(s)  1+RCs (LCs?+1) (Ms? + Ds +K) + KK,
X(s) CsK,

E(s)  (1+RCs)[LCs? +1) (Ms® + Ds + K) + K{K,]

The block diagram of a position control system is shown in the figure. Determine the sensitivity of the
closed loop transfer function T(s) with respect to G(s) and H(s) for 1 rad/sec.

+ 10
R(s) _® G(s) = prEFE C(s)

[CSE-2024 : 10 marks]

Solution:
K(s)
=CLTF= — 2 __
Qs 1+ GoH)
aC G 1+G(S)H(S)-G(S)H(S)  G(s)[1+ G(s)H(s)]
(i) L= —=x= = > X
oG C [1+ G(s)H(s)] G(s)
1 1
- 5= 1+GEHE) . 10 .
s(s+1)
6= s +s  _ ~0° + jo _ 141
€ P1+s+50 50-0’+jo  49+/1
N SG = S R
1201’ 1201
1SG| = 0.02886
) oC H
(||) Sg S ﬁXE
_ (1+GH)x0-G(G) H(+GH) _ -G H(1+GH)
(1+ GH)? G (1+ GH) G
-0,
_ —GH _ s(s+1) __ =0 -50 =50
1+GH  , 10x56  ®+5450 (50-0°)+jo 49+/1
s(s+1)
St —1225+/. 25
1201 ' 1201
= 1S = 1.0202

The closed loop system is more sensitive to disturbances in feedback path than in forward path.

2. Block Diagram and Signal Flow Graph

m State and explain the Mason’s Gain formula. Determine all input output relationships of the system
represented by the set of following linear equations using the Mason’s Gain formula:
X, = a8yX, + 8y, X, + byuyand x, = a5 X, + 8y, X, + b, U,
where u, and u, are the inputs and x, and x, are the states of the system.
[CSE-2005 : 20 marks]
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Solution:
Mason’s Gain Formula: The overall transmittance (gain) can be determined by a Mason’s gain formula
given below:
T = zk: P/(Ak
o1 A

The terms in the Mason’s gain formula are explained below:
P, is the forward path transmittance of K, path from a specified input node to an output node. In asserting
P, no node should be encountered more than once.
A is the graph determinant which involves closed-loop transmittances and mutual interaction between non
touching loops.
A =1 —[Sum of all individual loop transmittances]

+ [Sum of loop transmittance products of all possible pairs of NON-TOUCHING loops]

—[Sum of loop transmittance products of all possible triplets of NON-TOUCHING loops]

A, is the path factor associated with the concerned path and involves all closed loops in the graph which are
isolated from the forward path under consideration.

X, = 8y Xy + 84, X, + DU, Qa” Qazz
— a
Xy = 8y Xy + 8y Xy + Dyl u 21

Case 1: Output is taken from x, and input is u, by N\ 2
A= 1=(ay + 8y, + 85) + 41 8y R b,
Pr= by Ay=(1-ay) ” u
X _ PA by(1-ap,) ’
U A 1= (8 + 8y + 85) + 811800

Case 2: Output is taken from x, and input is u,
A= 1-(ay + a8y, + 8y) + a4y 8y
P, = bya,, Ay =1
X, R biapy % 1
U A 1=(@+ 3@ + Bpp) + 811220
Case 3: Output is taken from x, and input is u,
A= 1-(ay + a8y, + 8y) + a4 8y
P, =b,a,, A, =1
X RA; _ bray,
Up A T—(ayq+ a8 +ax) + ajsax
Case 4: Output is taken from x,, and input is u,
A= T1-(ay + aya;, + ay) + a4 2y
Pi=b,, A =1-a,
ﬁ PA; b,(1-ay,)

Up A 1=(8y1+ 8x@1p + @) + 81482

m For the block diagram shown in the figure below, find the overall transfer function of the system.
Verify the same, using signal-flow graph analysis.

['H, |

i L2 ]

G-

[CSE-2012 : 20 marks]
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Solution:
Using block-diagram analysis:

(%]
1
Rs) G, 6, -] 6 H-cis)
2 4
(%]
H, __‘
R(s) G, G,G; C(s)
H/G,
(By moving take-off point from point 3 to point 4)
G,G; G;G,Gs
R _’®_’ £ 1+ G,H,G, e R @ 1+ G,H,G,
H,/G; Hi/G,
C(s) | 1+ G, H, G; B GG, G;
Rs) 4, GiGHi — 1+GyGsH, + GGy Hy
1+ G, H, Gy
Using signal flow graph analysis:
_H2
1 Gy 2 G 3 G 4
R(s) C(s)
y
o,
P, = G,G,G,
L, =-G,G,H,
L, =-G,G;H,
A=1-(L,+L,)=1+G,G,H,+ G,G; H,
and A =1
Xs) _AA RO GG, Gy

Previous
Solved Papers

C(s)
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EX] The block diagram of a discrete time LTI system is given below:

() —EQ)

i1 .
-1/3 T
+)
Y .
1/6 '|'
1
Y

Determine the transfer function H(z).
[CSE-2012 : 20 marks]

Solution:

2/3

1 —) =
J -1z

L -z' 7?2 & ®——y[n]

3 6
113
L=
6
2
1
3(1 +]
3
v
<l — 1_(5 _2_1) yln]
6 3 1
—1
3(1 _Z]
6
1 2 1
x[n] — z? 771 3+z7" z' =yl
=== 3-——
6 3 2

% ) (6—226+ 221j(3+221 * G—ZZJ

6 18
Hence, H(z) =
@ (6—2'2+22‘1j(18+32‘1—2‘2)
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m For the block diagram representation of the figure shown below, determine the system characteristic
equation. Is the system represented by this block diagram stable?

Ris) —B<)—] s+ 1 (s+3) |——~cis)

1
(s+2)(s+4)

[CSE-2012 : 10 marks]

Solution:
: 1
Given: G(s)=(s+ 1) (s+3)and H(s) = ——F——
(s)=(s+1)(s+3) (s) IO
Characteristic equation is given by
1+ G(s)H(s) =0

o (s+N(s+3) _
o (s+2)(s+4)

= $24+65+8+82+45+3=0
= 252+ 10s+11 =0

This is the required system characteristic equation.

Now, for stability:

The Routh table of characteristic equation 252+ 10s+ 11 =Qis
Routh table:

s? |2 11

s' |10

s |11
Since, there is no sign changes in first column of the Routh table ; According to Routh Hurwitz criterion, the
system is stable.

m Some control Systems have more than one inputs applied at different points in the system. How do
we find the response of such systems, using block diagram algebra? lllustrate your answer with the

help of a simple example.
[CSE-2012 : 10 marks]

Solution:
Consider a control system having more than one input applied at different points in the system as

The response of such system given by
y_rn, % Y% v
X Xy Xs Xy X
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Now,

Case-1, to find ﬁ

Tlwhen X, =¥, =0
Then,
So. nw__ G
X1 1_61 G2 H1 H2
Case-2, to find %
2lwhen X, =Y =0
Then,
So, RE = L
Case-3, to find %
2lwhen Yo = X, =0
Then,

Case-4, to find ﬁ
,

when ¥ =X, =0

Then,

So, Y, _ G, G, H,
X1 1 - G1 GZ H1 H2

Hence, overall response is given as

y_n,n Y% %
X Xy Xoo Xy Xo

N Y _G+G+G G H + GG H
X 1-G,G, H, H,

m Using the Block diagram simplification method reduce the block diagram of the following control

system.

1 1
R(s) 92‘ 9:‘ 10 7 < 020 —C(s)

To a block diagram of the following type:

R(s) + C(s)

[CSE-2013 : 20 marks]
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Solution:
1 1

R(s) 92‘ 93 10 7 < 92‘ —C(s)

L=

10 1+10s
R(s) OZ‘ °z s+1 s cts)

S
" 10 1+ 10s c 10(1 + 10s)
(©) Ms+1[ | s © RS S(Ms+1)

Gls) = 10(10s+1)

s(11s+1)

Therefore, H(s) = 1

A control system is represented by the state space equations:

k1=x2

k2=x3_U1

ka =_2x2 —3x3+U2

and the output equations are:
Yy =Xy + 3x, + 2u,

Yo =%,

C(s)

Previous
Solved Papers

Draw the state transition signal flow graph and find the characteristic roots of the system.

Solution:
Signal flow graph,

[CSE-2013 : 20 marks]
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From the given state space equations,

X1 O 1 0| x 0 O U
G =10 0 1| x|+]-1 o{u‘}
i3] |0 -2 -3|lx] [0 1]-7°
0 1 0]
Here system matrix, A=|0 0 1
0 -2 -3
Characteristic roots of system
|sI-A| =0

s 00| (0 1 O
= 0O s 0|-|10 0 14 =0
0O 0 s| |0 -2 -3

s -1 O
= 0 s -1|=0
0 2 s+3
= s(s(s+3)+2)=0
= s(s?+3s+2)=0
= $$4+4352+25=0
=3 s(s+1)(s+2)=0

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

m For the block shown in figure given below, obtain C(s)/R(s) using block diagram reduction technique.

R(s) —> lS —»@ % + C(s)
C |

[CSE-2015 : 10 marks]

Solution:
The block diagram shown above can be drawn as
R(s) E 5 cs) R(s) s+1 ozq C(s)
R(s) sti Cls)
S
C(s) s+ 1
R(s) s®
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EX] The block diagram representation of a control system is shown below:

Find C,/R, transfer function using the following:
(i) Block diagram reduction method
(ii) Mason’s gain formula

Solution:

C
?2: (Neglect C,, R,)

:
Converting into signal flow graph:

® & ® ©

Now by Mason’s gain formula, % = %

R(s) A
Forward paths:
P, = G,H,G,, Ay =1
P, = G, A, =1-G,H,
Individual loops:
L, = GH,

L, = GH,G,H, and L, = G;H,
Non touching loop:
L,Ly = G,H,G;H,
Now, A

Gy GiH,Gy +G3(1-GyH,)

[CSE-2019 : 10 marks]

1=(G,H, + G,H,G,H, + G4H,) + (G,H,G,H,)





