
TRANSIENT RESPONSE ANALYSIS
UNDERDAMPED SECOND ORDER SYSTEM-II 

DR ANIL KUMAR
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

1



RESPONSE OF AN UNDERDAMPED SECOND ORDER SYSTEM

PEAK TIME (Tp)

Time required for the response 

to reach the first, or maximum peak

2

PERCENT OVERSHOOT (%OS)

The amount that the waveform overshoots the 

steady state, or final value at the peak time, 

expressed as a percentage of the steady state 

value



RESPONSE OF AN UNDERDAMPED SECOND ORDER SYSTEM
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SETTLING TIME (Ts)

Time for the response to reach and stay within 

±2 % of the steady state value

Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



RESPONSE OF AN UNDERDAMPED SECOND ORDER SYSTEM

RISE TIME (Tr)

Time for the response to go from 0.1 to 0.9 

of its final value
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



POLES MOVE WITH CONSTANT REAL AND IMAGINARY PART
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



POLES MOVE IN RADIAL DIRECTION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



NUMERICAL EXAMPLE

• Find damping, natural frequency, peak time, percent overshoot and settling time 
from the given pole plot.
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013
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