(iii) Stability of the control system.
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(i) Determine the unit step response for a first order system and explain its
1 features. (6 M) 10 co3 | L3/L2
(ii) Define: (i) Time Constant (ii) Damped frequency of oscillation. (4 M)
2 |Derive the expression for unit step response of underdamped second order system. 10 CO3 | L3
A unity feedback system is characterized by an open loop transfer function
10
3 ‘0= o asre 10 foos| 13
If the system is subjected to unit step input, determine: (i) Undamped natural
frequency (ii) Damping Ratio (iii) Peak overshoot (iv) Peak time (v) Settling time.
Sketch the Bode plot for a unity feedback system whose open loop transfer function
L 10
n =
4 Is given by G(s) s(1+4s)(1+0.02s) 20 Co5| L3
Determine: (i) Gain and Phase crossover frequencies (ii) Gain and Phase Margin
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1)

»Consider a simple system shown in the
Fig. 7.11.1(a).
R
A
’ L
Il[“ C W, ["E]
| s’ T I°
| !
Flg. 7.91.1 (a} _
= Find v (t) i.e. response if it is excited by unit step
input.
wil = 1, t20
= t=0
Vils) = 1/s

» Now - first calculate system T.F. The Laplace network

is shown in the Fig. 7111 (b):

Vs . yAE
l“ .,,,D w:[-l- ;Dn

Fig. 7.41.1 (b)
Vits) = ) R+ = 1(s) - (7113
Vols) = Zlls) - 7112)
Yols) - E - | where T = RC

Vie) ~ T+sRC 1+71s

e S—



+ Let input applied v,(t) is unit step voltage.
Substituting
Vils) = 1fs in the transfer function
1 A’ - B
Vols) = s+shC) ~ s ' T sRC

A'"=1 and B"=~RC

Vols) = Lo RC _1_ 1
. Vel ® TR 5 5+(I/RO

Taking Laplace inverse, _
volt) = 1-e~¥RC = C_ + ¢ (t) form

Sa [c,. = 1and ¢, (t)= e V/FC, ]

[£3 ] Twme Conetan

» The time constant of a system s defined as the
time required by the system output to reach
632 % of its final steady state value during first
altempt. It is denoted as t or T.

This response is oscillatory, with oscillating
frequency w, -ﬁ -&? but decreasing amplitude as it
is associated with exponential term with negative
index e ~%“"", Such oscillations are called damped
oscillations and frequency of such oscillations is
called damped of oscillations ©; which
is nothing but wm, /1 -&2.

2)
For underdamped systems, £< 1.

8%+ 22w s+ @2 = 0 has two roots,

$1,0 = ~ 8y £joy {1-8

Now let Ew, =
and m,l-ﬁ—t’ = wy (as discussed earlier)

31,2 e -t ﬂ.ﬂd
For unit step input R(s) = 1/s and

cE . el
Ris) 52+ 250, 5+ 02

3
R(s), Cls) = Yn
Substituting R(s) [s]- e

The partial fraction can be calculsted for the Laplace
inverse as below, '

" ay a;stag
) = L 23
S 82 +2Lw, s+ 0f



w? L As*+28@, s+od)esla; svag)

L os(s? 428 e, s+ o) s(s? + 2§y 6+ 0)
equating numerators on both sides, @} = s%(a; +a5)+ s(ny 28wy +a5)+ 8 0k
a0f = of equating constant
a,-n-_;' =0 ' equating coefficients of s?
ay ey +ay =0 equating coefficients of s
& ay =1 a;=-1, ag=-2%m,
As Eog = a amdwﬁnhmdmwuﬁom
ay = 1, ay=-1 a3==2c
a»-%ﬁ;
e
So adjusting denominator as, 8% + 2as+ a? + w2 —a? = (s+a)’ + wf —a?
but a = B, .'.'azagzmg
Substituting in above we get, (s + @)% + «f & of = (s+ @ + o} (1-8)
Now wg =y J1-8 ie @} =a}(-8)

Substituting this in the expression of C(s) we get,

2 =.l- s+ 20 :
Cs) = 3 {—(ua)’dmﬁ}

-t ‘(s————+(:);.)wzl e ™coswt and L'![
+ 3

Adjusting C(s) as, -

w G
(u:);nn*} -

l_ s+a - «
f e+ +el G+’ e}

" Multiplying and dividing by w, to the last term,

C(s) =

s+ a +£' 04
(loq)’uni Wy (nu)’un:

1
Cls) = %-{
M.hpllu'lmme,
' - [ SR .
d‘) ." 1-e at G'ﬂ)dl—.E: e “tﬂnﬂ‘g

Using a = fa, '] @y =0, Jl-t_’_i

=1 < g ;
oft) = 1 - g~ 5oat [mmdtoﬁ lina)dl]
O [,!1 -8 cosodl+§s§nodt]
;]1-8

« Now, sin (wy t+ 8) = sin{w t) cosB+ cos (v, t) sin
Comaﬁngmiswiﬂl&neexptesiiqninbradmmmi'
write sinf = ,ﬁ-;z and cos® = §.

. _f-E

5

Hence tan8 =

-t B |
T

» Hence using this in the expression.
Lidy=1- sin(@yt + 6) - Required
I S
- where W = oy f1-F

and . 0= tan~?} [—1‘/;‘—5} radians



3)

4)

Sol. : From given G(s), the closed loop TF. is,

Ce) . _ G
R(s) T+GlH®) 2 426416

Comparing denominator with s? +25w, s+ o,
of = 16, m, =4, 250, =2, §=025

i) w, = 4 rad/sec

i) £ = Damping ratio = 0.25

i) %M, = e/ V-8 100 = 44,43 %

iv) @y = 01~ = 3873 radjsec
T = a%-om-ec

v) y ¥ "5:7.:-““

Ex, 1L7.2 For a unity feedback system with open loop
transfer function :

0(s+5)
O = Svione 3

, Draw the Bode plot. Determine gain margin, phase

margin, Oy, Wy Comment on the stability of the system.
Sol. : Step 1 : Obtain time constant form of G(s)H(s).

40x5(1+§]
sx10x2x(l *1‘%) (1 +§]

- 10(1 +0.2s)
8(1+0.1s)(1+0.5s)

G(s)H(s) =

Step 2 : Factors
1) K=10, 20 Log K =20 Log 10 = 20 dB

-2

1)

5)

%, one pole at origin.

Straight line of slope -20 dB/dec passing through
intersection of w=1and 0 dB.

| .
m"’ ,mpk POh. T1 =05,
1
mc,aT‘-=2ndlnc
Straight line of slope ~20 dB/dec for w>2.

(1 + 0.2s), simple zero, T, =02,
- = 5 rad/sec.
c) s i
Straight line of slope +20 dB/dec for ©>5.
1
m,dmplepoh‘l‘,-&b
1
ﬂt’=ﬁ=lom

Straight line of slope -20 dB/dec for w>10.



C 101+ 0.2 jo)
Gljo)H(jo) = Je(1+0.Tj@)(1+05jw)

Step 4 : The Bode plot is shown in the Fig. 117.2.
From the plot, 2

Gy = 44 rad/sec, Gpe = = GM. =+ dB PM. = +42°

AnG.M.-o-dB,ﬂ\:uymanhlydabhﬁ\
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