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Step Response of underdamped System
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* The partial fraction expansion of above equation is given as

1 + 24w
Cls)=—— > S 260, >
s §T+ 20w, s+ w,

a),f(l—gz)

1 - s+ 2w,
( , Cl)=—-— 2 z\x:zzz\§\//
s+2w,) $ ST H260,5 670, £ 0, —6T0,

1 s + 2w
C(s) =—— .
’ A (S+§a)n)2+a),f(l—§2)




Step Response of underdamped System

1 s + 2w
Cls) =+ - :
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* Above equation can be written as

Cls) :l_ s+ 2w,

A (s+§a)n)2 +a)§

* Where a, =w,\/1-¢* , is the frequency of transient oscillations
and is called damped natural frequency.

* The inverse Laplace transform of above equation can be obtained
easily if C(s) is written in the following form:
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Step Response of underdamped System
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Step Response of underdamped System
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Step Response of underdamped System
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Step Response of underdamped System
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Step Response of underdamped System

G

(1) =1—e " | cos @, t + sin @t

1-¢7

if £=09 and w,=3 rad/sec

1.4:

1.2

1F

0.8

0.6 -

0.4

0.2




Step Response of underdamped System
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Step Response of underdamped System
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Time Domain Specifications of
Underdamped system

Allowable tolerance
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Time Domain Specifications (Rise Time)

() =1—e " | cos w,t + ¢ gin Wt
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Time Domain Specifications (Rise Time)
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Time Domain Specifications (Rise Time)
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Time Domain Specifications (Peak Time)
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* |In order to find peak time let us differentiate above equation w.r.t t.
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Time Domain Specifications (Peak Time)
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Time Domain Specifications (Peak Time)
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* Since for underdamped stable systems first peak is maximum peak
therefore,



Time Domain Specifications (Maximum Overshoot)

c(t,) — ¢(0)

Maximum percent overshoot = X 100%
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Time Domain Specifications (Maximum Overshoot)

M,=|-e ”wd[cos¢d§;;+\/lé/781n65/d(;;] x 100
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Time Domain Specifications (Settling Time)

(1) =1—e " | cos @, t + d sin @t
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Exponential decay generated by
real part of complex pole pair
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Sinusoidal oscillation generated by
imaginary part of complex pole pair
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Time Domain Specifications (Settling Time)

e Settling time (2%) criterion
 Time consumed in exponential decay up to 98% of the input.

c()

Exponential decay generated by
real part of complex pole pair

Sinusoidal oscillation generated by
imaginary part of complex pole pair

=

e Settling time (5%) criterion
 Time consumed in exponential decay up to 95% of the input.



