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1  

EXP NO.4  design of lag compensator 

  

1.1.1 Practical Explanation of the Design of a Lag Compensator 

A Lag Compensator is used in control systems to improve the steady-state accuracy, particularly when dealing 

with systems that require enhancement in low-frequency performance. A lag compensator is typically used 

when the primary objective is to improve the system’s response to step inputs (or slow changes) without 

significantly affecting its high-frequency performance. In simpler terms, it helps to increase the system's 

accuracy in tracking a constant reference input. 

1.1.2 Objectives of a Lag Compensator: 

The main goals of a lag compensator are: 

1. Improving steady-state error: Lag compensators are especially useful for reducing steady-state error in 
systems. 

2. Increasing system stability: It can improve stability in systems by ensuring that the system responds 
more predictably to inputs. 

3. Lowering the high-frequency gain: Unlike lead compensators that improve high-frequency 
performance, lag compensators focus on low-frequency behavior and are typically used to boost system 
accuracy at low frequencies while having minimal effect on high frequencies. 

1.1.3 Key Principles of a Lag Compensator: 

A Lag Compensator introduces a phase lag (delay) at higher frequencies and improves the low-frequency gain. 

Its effect is often seen in systems where accurate tracking of a reference signal is required over a long period. 

A typical lag compensator transfer function can be represented as: 

  

Where: 

 K is the compensator gain. 
 z is the zero (at a low frequency). 
 p is the pole (at an even lower frequency). 

In the case of a lag compensator, the pole is much closer to the origin (lower frequency) than the zero, which 

results in a phase lag at higher frequencies. 
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1.1.4 Steps in Designing a Lag Compensator: 

1.1.4.1 1. Understand the System’s Characteristics: 

Before designing the compensator, analyze the existing system. You need to understand the current steady-

state error, phase margin, and other system parameters. You can use tools like Bode plots or Nyquist plots to 

study the frequency response and determine where the system needs improvement. 

1.1.4.2 2. Set Performance Objectives: 

For a lag compensator, the primary objective is to improve steady-state error without significantly altering the 

high-frequency behavior. You should clearly define what you want to improve: 

 Do you need to reduce steady-state error for a step input? 
 Do you want to improve the low-frequency gain without significantly affecting the phase margin or 

stability? 

1.1.4.3 3. Choose the Form of the Compensator: 

The general form of the lag compensator is: 

  

For a lag compensator, the pole p should be much smaller than the zero zzz, typically at lower frequencies. This 

results in a phase lag at higher frequencies. 

1.1.4.4 4. Determine the Zero and Pole Locations: 

The zero zzz is placed at a lower frequency, and the pole ppp is placed closer to the origin (at an even lower 

frequency). This ensures that the system behaves as a lag compensator. 

For example: 

 Let’s choose z=1z = 1z=1 and p=0.1p = 0.1p=0.1, which ensures a significant phase lag at higher 
frequencies and improves steady-state performance without affecting stability at high frequencies. 

1.1.4.5 5. Adjust the Compensator Gain KKK: 

The gain KKK is used to scale the compensator’s impact on the system. You may need to adjust KKK to fine-tune 

the steady-state performance or the phase margin. The gain should be selected in such a way that the system 

operates within the desired parameters. 
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1.1.4.6 6. Test the Compensator Design: 

Once you have selected the compensator parameters, you can simulate the system’s response to different 

inputs, such as step and ramp inputs. This will help you see how well the lag compensator improves steady-state 

accuracy. 

You can plot the system’s Bode plot or Nyquist plot to ensure that the high-frequency performance remains 

unchanged while the steady-state accuracy improves. 

1.1.4.7 7. Validate and Refine the Design: 

After testing, verify that the system’s performance meets your objectives. If the compensator isn’t achieving the 

desired improvement in steady-state error, you may need to adjust the pole and zero locations or the 

compensator gain KKK. 

1.1.5 Example: 

Let’s say we have a system with the following transfer function: 

  

And we want to design a lag compensator to reduce the steady-state error for a step input. 

1. Analyze the System: First, we analyze the system’s response to a step input using tools like Bode plots 
or simulations. We find that the system has a significant steady-state error. 

2. Choose Compensator Parameters: Based on the system’s behavior, we choose the following 
compensator parameters: 

o Zero z=1z = 1z=1 
o Pole p=0.1p = 0.1p=0.1 
o Gain K=10K = 10K=10 

So, the compensator will be: 

   

3. Add the Compensator to the System: The new transfer function with the compensator will be: 
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4. Test and Analyze: We test the system’s response to a step input again and find that the steady-state 
error has decreased significantly while the high-frequency performance has not changed. 

5. Refine the Design: If necessary, adjust KKK, z, and p further to achieve the desired steady-state error 
reduction. 

1.1.6 Conclusion: 

A lag compensator is an effective tool for improving the steady-state performance of control systems, especially 

in systems where tracking a constant reference is critical. It is designed by introducing a zero and a pole, where 

the pole is placed at a much lower frequency than the zero. The compensator reduces steady-state error 

without causing significant changes to the high-frequency behavior of the system. The design process involves 

analyzing the system, setting performance objectives, selecting compensator parameters, and validating the 

results through testing and simulations. 

 


