POSTAL

2023

Electrical Engineering

Conventional Practice Sets

Book Package

fra
Sl. Topic Page No.
T INITOAUCTION Lot 2
2. Transter FUNCHION ....ooiiiii e 7
3. BIOCK DIagram .. ... 13
4. SIgNal FIoOW Graph ... 29
5. Feedback CharaCteriStics ............ooviiiiiiiiiiiic e, 43
6.  Modelling of Control SYSIEMS .......ooiiiiiii e 49
7. Time Domain Analysis of Control SyStems .........cccvvvviviiiii 56
8.  Stability Analysis of Linear Control Systems .........coccoviiiiiiiiiii 83
9. TheRoOtLOCUS TECHNIQUE ......ooiiiiiiii e 93
10. Frequency Domain Analysis of Control SysStems ..........cccccvvvviviiiiiiii 111
11, Industrial Controllers & COMPENSALOrS .. ....ovviiiiiiiiiiiiie e 137
12, State Variable ANAlYSIS .......oovii 145

N=

[

ek

MADE EASYH

Note: This book contains copyright subject matter to MADE EASY Publications, New Delhi. No part of this book
may be reproduced, stored in a retrieval system or transmitted in any form or by any means.
Violators are liable to be legally prosecuted.




1 Introduction

CHAPTER

KXl (2) A control system is defined by following mathematical relationship

2
d—'2x+6d—x+5x=12(1—e'2’)
at at

Find the response of the system at t —»

(b) A function y(t) satisfies the following differential equation
ay(t)
t) =8(t
Loy =8)
Where §(t) is delta function. Assuming zero initial condition and denoting unit step function by u(t).
Find y(t).

Solution:
(a) Taking LT on both sides

(82 + 65 + 5) X(s) = 12{1_L}

S S$+2
24
s+ 1)(s+5)X(s) =
(s+1)(s+5)X(s) 3512
24
X(s) =
)= s 716+ (6+5)
Response at t — «
Using final value theorem,
lim x(®) = im [sX(S)] | _ im sx24 _o4
i s—-0 s-505(s+1)(s+2)(s+5)

(b) Taking Laplace transform on both sides
Y(s)[s+ 1] =1
Y(s)=
s+1
By taking inverse Laplace transform

y(t) = etu(t)

The response h(t) of a linear time invariant system to an impulse §(t), under initially relaxed condition
is h(t) = et + e 2. Find the response of this system for a unit step input u(t)?

Solution:
Transfer function is given by

H(s)= L{et+e2)= 1, 1
s+1 s+2

Cs)_ 1, 1
Ris) s+1 s+2

H(s) =
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R(s) = % (step input) [~ r(t) = u(t)]

. 1 1
Cls) = H(S)-H(S)—E[SH*S+2}‘s(s+1)+(8+2)(8)

S B N S
s s+1 2|s s+2

_15 1 05
s s+1 s+2
Response will be o(t) = L7H{C(s)}

c(t) = (1.5-et-0.5e2) u(t)

A system is represented by a relation given below:
100

s +2s5+50

if (t) = 1.0 unit, find the value of x(f) when t — oo.

X(s) = R(s)-

Solution:
Since, r(t)y =1
Taking Laplace transform,
;
R(s) = 3
Applying final value theorem,
lim x(f) = lim sX(s)
t—eo s—0
= lim s-l 100 = 2.0 units

s50 S §2+25+50

m (a) The Laplace equation for the charging current, i(f) of a capacitor arranged in series with a resistance
is given by

sC
1+sRC E(s)

The circuit is connected to a supply voltage of E. If E= 100V, R =2 MQ, C = 1 uF. Calculate the
initial value of the charging current.

I(s) =

(b) A series circuit consisting of resistance R and an inductance of L is connected to a d.c. supply
voltage of E. Derive an expression for the steady-state value of the current flowing in the circuit
using final value theorem.

Solution:
(a) Since, E = 100 v(1)
Taking Laplace Transform,  E = 100 (t) volts,
s

Substituting the given values,

~ 1x107%s 100 10°s 100
I(s) = =

@2x10°x1x10%s+7) s 2s+1 s
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Applying the initial value theorem,

i(0%) = lim i(t) = lim s I(s)

t—0 S—oo
—4 —4
(0% = lim s-—2_ = Jim -10 =50 pA
soe 1428 s—oe L
S

(b) The differential equation relating the current i(f) flowing in the circuit and the input voltage Eis given by

L i)
E=Ri(t)+L pm . i
Taking Laplace transform of the equation yields, +
E(s) = R1(s) + L[(sI(s) - i(0%))] R
Assume, i(0*) =0 E
. E(s) = RI(s) + LsI(s) L
-+ Eis constant (d.c. voltage)
£ "o
E(s) = 5° RI(s) + Ls I(s)
E
I(s) = ——=—
(s) S(R+sL)
Applying the final value theorem,
. . SsE
i.= lim i) = limsi(s)=Ilm ———
ss [lir.l, i) sI—>O S (S) sI—>O S(R+ SL)
E
lss = E

m Determine the mechanical time constant of rotor of an electrical machine in terms of its moment of
inertia J kg-m? and windage cum friction coefficient f N-m/rad/s. Also explain the method to determine
mechanical time constant experimentally in laboratory.

Solution:
Consider a field controlled separately excited DC motor.
Constant armature in field into the motor,

¢f°c [f +
O = Kl
Tm o ¢f[a
Tm = Kq)f[a
T =Kk,
Tm = km kfIf w,
where, k=K1, = constant _ " J_ = inertia
© Tn"Q Bm = fricti
e:L%-I_R[ ., B = friction
f f gt il
2
T = L} e’”+B Dy

NG Mot
T (s)=J 5?0, (s)+ B s6(s)
T(s) = (J 5%+ B_s)0,(s)

m
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E[s) = (sL;+ R) I,(s)
T (s)
(sLy + Ry) p

fm
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_ (Lt + RIS + BrS) 0n(S)

4
2]
)
|

Kekim

em(s) kmkf
E«(s) s(sL; + R )(J,s+B,,)

S) — kmkf
E/(s) sB,,R;(1+1,,8)(1+149)

Sd

kmkf

= motor time constant = J,_,

PARIONET
Bml?fs(‘l+5ms)(1+ Rfj

/8,

T, = field time constant = L,/ R,

m The impulse response of a system S, is given by y,(t) = 4e2. The step response of a system S, is given
by y,(t) = 2(1 - 7%). The two systems are cascaded together without any interaction. Find response of

the cascaded system for unit ramp input.

Solution:
(a) Taking the Laplace transform of the response of S;, we get
4
Y(s)= ——,
1( ) s$+2
Xi(s) =1 ... (x(t) =3(t))
Therefore, G,(s) = his) 4
X4(8) S+2

Taking the Laplace transform of the response of S,, we get

_of1_1)__ 6
Y2(s)_2(s s+3j s(s+3)

YA = < (D) = D)
_ Y __6 6
Thus, Gele) = X22(s) "~ s(s+3) 5 543
(b) The transfer function of the cascaded system is
3 : 24
Gl = Gl = 51673

;
The Laplace transform of unit ramp is R(s) = 2 Therefore,

g 24 1

(s+2)(s+3) &°

A B C D
Sttt —
s S Ss+2 s+3
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