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Damping ratio and Pole placement
i) ζ.>1 : poles are real and distinct (over damped)

ii) ζ.=1: poles are real and coincident (critically damped)

iii) 0 < ζ < 1 : pole are complex conjugates (under damped)

iv) ζ. = 0 : The pole are purely imaginary (undamped) 
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Step Response of Second-Order Systems

1. Over damped Case
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Under-damped Second-Order System

2

1 2, 1n np p j     

21d n   Damped Natural Frequency:
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Influence of ωn  and ζ on the pole locations
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Step Response Based Second -Order System Specifications

sT

1) Peak Time:          The time required to reach the first or maximum peak

2) Settling Time:        The time required for the transeints’ damped oscillations to reach 
and stay within          of the  steady-state value.

3) Rise time :        The time required to go from 0.1 to 0.9 of the final value

4) Percent Overshoot: % OS The amount that the waveform overshoots the steady-state at 
the peak time, expressed as a percentage of the steady-state value

( )y t
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1) Peak Time pT

Step Response Based Second -Order System Specifications
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Step Response Based Second -Order System Specifications
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3) Settling time :
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4) Rise time :

Step Response Based Second -Order System Specifications
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Experimental Determination of Damping Ratio
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Experimental Determination of Damping Ratio
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