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Analysis of second order system for Step input

C(s) _ (h’
R(s) S? + 2&@ns+mn?

This is the standard form of the closed loop transfer function
These poles of transfer function are given by;
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Analysis of second order system for Step input

The poles are;

(i) Real and Unequal if \/eT—l >0
Le. &1 They lie on real axis and distinct

(i) Real and equal if Ve —1=0
i.e. &1  They are repeated on real axis

(iii) Complex if Ve —1<0

l.e. £<1  Poles are in second and third quadrant
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Relation between¢ and pole locations

(i) 0 < &< 1 Underdamped
T j(J) TC(t)
~—ft—fF+—— O | 1|—— - ——%\:f
( | /ﬂ \J
,‘; ! __'#// -
Pole Location Step Response c(t)
(i) & = 1 Critically damped
4 jo N i
4% » O
s =—1
s : —> 1
Pole Location Step Response c(t)
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Relation between¢ and pole locations

(iii) £ > 1 overdamped
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Pole Location Step Response c(t)
(iv) &= 0
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Pole Location Step Response c(t) 5
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Relation between¢ and pole locations

(V)0 > &> -1

jo4 r A
s 11[\/[\\/\\//”‘

v
Pole Location Step Response c(t)
(vi)é = - 1
s $CcO
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Pole Location Step Response c(t) 6
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Relation between¢ and pole locations

(vi)é < - 1

| AC(Y)
™ .

< > »—» O

+

Pole Location Step Response c(t)

Time Response Specifications:

102 boeee [Pi.------.{[_)\ _____ A ____ S t.
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Time Response Specifications

v Delay Time (ty): It is time required for the response to reach 50% of the final value in
the first attempt.

_1+0.7¢

@) n

{d

v Rise Time (tr): It is time required for the response to rise from 10% to 90% of the final
value for overdamped systems. (It is O to 100% for under damped systems)

tr _ﬂ-__ﬁ

L A/1- 52

where, — tan

and Wd = Wn \/1—52
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Time Response Specifications

v' Peak Overshoot (Mp): The maximum overshoot is the maximum peak value of the

response curve measured from unity. It is therefore largest error between input and
output during the transient period. Er

{2}
2
WMp =e¢ 1-¢ x100
v Peak Time (tp): It is the time required for the response to reach the first peak.
TU
o =
@ d

v Settling Time (ts): It is the time required for the response curve to reach and stay
within a specified percentage (usually 2% or 5%) of the final value.

A

En

Ts =4T =
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Example 3

A unity feedback system has

G(s) = 16
S(s+5)
If a step input is given calculate
1. Damping Ratio
2. Overshoot
3. Settling Time
. 16
Solution:  G(s) = H(s) =1
s(s+5)
Determine the closed loop transfer function
16
C(s) . G __s(s+5) _ 16
R(s) 1+ GH 1. 16 S* + 55 +16

s(s + 5)

10
Shadab. A. Siddique Maj. G. S. Tripathi



Example 3 cont./E&=)

Compare closed loop TF with standard form of second order system

(Dn 2 16

S? + 2EarS + @n 2 S + 55 +16

Compare denominators of both

Natural Frequency;

=16 ~an=4 rad /sec
Damping Ratio;
5 5
(6=55 S C= = =0.625
% 5 2 X ah 2 x4
Settling Time;
Ts = i 4 =1.6 sec

Ean  (0.625) x (4)
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Example 3 cont..[&=)

Overshoot

% M, = e YI¢ %100

_(_(o.625)7

% M, = e V(08297 100

% M, =8.08%
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Example 4

The open loop transfer function of a unity feedback system is,

G(s) = —
s(s+1)
Determine;
1. Delay Time
2. Rise Time
3. Peak Time
4. Settling Time
5. Maximum Peak Overshoot
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Example 4 cont./E))

Solution: G(s) = 4 H(s) =1
s(s+1)
Determine the closed loop transfer function
4
C(s) _ G B s(s +1) B 4
R(s) 1+ GH 14 4 S + 5 + 4
s(s +1)

Compare closed loop TF with standard form of second order system

On* 4

S? + 2&ans + @n ? S° + s+ 4
By comparing denominators of both

Natural Frequency;

o’ =4 ~aov=2 rad/sec
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Example 4

Damping Ratio;

1 1
oS =S R a— = = 025
= 2 2 X 2% 2
Damped frequency of oscillations;
@=m +1-& Sy =2 \/1—(0.25)2 = 1.936 rad /sec
Delay Time;
T, = 1+0.76_1+0.7(0.25) _ 0 587 sec

(h 2
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Example 4

Rise Time;
_ g2 1—-(0.25)°
[=tan ! \/1 5 = tan! \/ (0.25) =1.310 rad
(0.25)
T, =7=F_7-1310 _ 4 945 cec
0! (1.936)
Peak Time;
To=Z - _ " _1622 sec
@ 1.936
Settling Time;
4 4

8 sec

—
|
DS
—
I

Ean  (0.25)x (2)
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Example 4 cont.[&=))

Maximum Peak Overshoot

}
% M , = e 1-¢* %100

g (0.25) x Y

% M , = e Vi-(0.25)? x 100

% M p = 43.26%
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