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Laplace Transformation 
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K: steady-state gain constant 
T: time constant (seconds) 
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Steady-state gain 
The steady-state of a TF can be used to calculate the steady-state change in an output due to a steady-state change in the 
input. For example, suppose we know two steady states for an input, u, and an output, y. Then we can calculate the steady-
state gain, K, from: 

Time constant 
In brief, the time constant relates to the analytical solution for the unit step response of a first order differential equation, 
and is the time taken for the output to reach 63% of the steady-state value 
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Examples of First-Order Systems 
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Step Response of First-Order System  
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B=1(unit step) 
K=1(unity gain) 
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The system time constant is the intersection of the slope at t=0 with the final value line 
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Time Domain Analysis of Second-Order System 
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K: steady-state gain constant 
wn: undamped natural frequency(rad/s) 

ζ : damping ratio 

https://manara.edu.sy/


https://manara.edu.sy/ 

https://manara.edu.sy/


https://manara.edu.sy/ 

https://manara.edu.sy/


https://manara.edu.sy/ 

Roots of the Characteristic Equation 

The time response of any system has two components: 
(a) Transient response 
(b) Steady-state response 
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Critical Damping and Damping Ratio 

Critical damping  
When the damping coefficient C of a second-order system has its critical value Cc, the system, when disturbed, will reach its 
steady-state value in the minimum time without overshoot. This is when the roots of the Characteristic Equation have equal 
negative real roots.  

Damping ratio  
The ratio of the damping coefficient C in a second-order system compared with the value of the damping coefficient Cc 

required for critical damping is called the Damping Ratio ζ 
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Generalized Second-Order System Response to a unit Step Input 

https://manara.edu.sy/


https://manara.edu.sy/ 

https://manara.edu.sy/


https://manara.edu.sy/ 

https://manara.edu.sy/


https://manara.edu.sy/ 

https://manara.edu.sy/


https://manara.edu.sy/ 

Definitions of Transient-Response Specifications 
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Second-Order System and Transient-Response Specifications 
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