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Performance measures of second-order systems 
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Ziegler-Nichols PID Controllers 
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Phase-Lead (or Phase-Lag) design using the root locus method: 
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Frequency Response  

 

Resonant frequency (   0.7 ): 
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Phase-Lead Design using the Bode Diagram: 
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 Design of Phase-Lead network using Bode diagram:
1. Evaluate the uncompensated system phase margin when 

the error constants are satisfied

2. Allowing for a small amount of safety, determine the 
necessary additional phase lead m

3. Evaluate  from Equation (10.11)  

4. Evaluate  10 log and determine the frequency where the 
uncompensated magnitude curve is equal to  -10 log dB. 
This frequency is the new 0-dB crossover frequency and m

simultaneously 

5. Calculate the pole                         and the zero  z = p/

6. Draw the compensated frequency response, check the 
resulting phase margin, and repeat the steps if necessary. 
Finally, raise the gain of the amplifier to account for the 
attenuation (1/).

mp 
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Phase-Lag Design using the Bode Diagram: 
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 Design of Phase-Lag network using Bode diagram:

1. Obtain the Bode diagram of the uncompensated system with 
the gain adjusted for the desired error constant

2. Determine the phase margin of the uncompensated system 
and, if it is insufficient, proceed with the following  steps

3. Determine the frequency where the phase margin 
requirement would be satisfied if the magnitude curve 
crossed the 0-dB line at this frequency, ’c.  ( Allow for 5o

phase lag from the phase-lag network when determining the 
new crossover frequency)

4. Place the zero of the compensator one decade below the 
new crossover frequency:  z = ’c /10, and thus ensure only 
5o of additional phase lag at ’c due to the lag network

5. Measure the necessary attenuation at ’c to ensure that the 
magnitude curve crosses at this frequency

6. Calculate  by noting that the attenuation introduced by the 
phase-lag network is -20 log  at ’c

7. Calculate the pole as  p = z /

 

 

 

 


