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LEAD COMPENSATION

• An active ideal derivative compensator can be approximated with a 

passive lead compensator

• When passive networks are used, a single zero cannot be produced; 

rather a compensator zero and a pole result

• However, if the pole is farther from the imaginary axis than the zero, 

the angular contribution of the compensator is still positive and thus 

approximates an equivalent single zero
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LEAD COMPENSATION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



LEAD COMPENSATION
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There are infinitely many choices of zc, pc providing same θc.

The choice from infinite possibilities affects: 

• Static Error Constants

• Required gain to reach the design point

• Justification of the second order assumption

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



LAG-LEAD COMPENSATION

• Determine the desired pole location based on specifications

• Design the lead compensator to meet the TR specifications. The design includes the zero 
location, pole location, and the loop gain

• Simulate the system to be sure all requirements have been met

• Redesign if the simulation shows that requirements have not been met 

• Evaluate the SS error performance of the lead compensated system to determine how 
much more improvement in SS error is required 

• Design the lag compensator to yield the required SS error

• Simulate the system to be sure all requirements have been met

• Redesign if the simulation shows that requirements have not been met 
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LAG-LEAD COMPENSATION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013

For the given system, design a lag-lead 

compensator so that the system can 

operate with 20 % overshoot and a twofold 

reduction in settling time. Further, the 

compensated system can exhibit a tenfold 

improvement in steady-state error for a 

ramp input.



LAG-LEAD COMPENSATION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



LAG-LEAD COMPENSATION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



LAG-LEAD COMPENSATION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013



LAG-LEAD COMPENSATION
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Ref: N. S. Nise: Control Systems Engineering, 6th Ed., Wiley, 2013
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