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The design objective behind lead and lag compensator is to meet the relative stability as well 

as to meet desired performance. Both in time domain or frequency domain, the compensator 

design can be carried out. Absolute stability of a system can be predicted from root locus 

approach. Simulation tool like tinkercad and wolfram alpha can provide easy access of 

different control engineering design performance, so that it helps all under graduate, post 

graduate and researchers can able to apply their knowledge to engineering application from 

any computing environment. And they can perform it at any time. By this passive learning 

is also possible with active engagement in the learning related to practical and theory. To 

judgment and easily understand on simulation, student can modify their design specification 

and get deeper knowledge on control system design engineering. one can also use opamp 

circuit to understand the compensator design performance. 
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I. INTRODUCTION 

 

Now a day’s learning and designs can be enhanced through 

interactive tool. Due to personal computer and especially smart 

mobile phone can make it possible to solve sophisticated control 

system problems with easy, simple and concise manner. Level of 

competences increase only when students will go for practice. 

Design and tuning by adding different pole and zero parameter to 

the system, stability can be increases as per required performance. 

The basic principle should necessary to remember for all 

engineering students. Different computing tool can help students 

and instructor to teach and learn process due to covid19 pandemic 

situation. Basic opamp circuit is used for lead and lag 

compensator [1]. The main aim of the research behind is that the 

importance of pole position and its effect is important, as one of 

the researcher have already find the control of helicopter model 

[2]. Different virtual laboratory are there for easily the 

experiment can be carried out for system designing, 

implementing and controlling [3]. Laboratory experiments play a 

vital role in control system design, theory to apply in design 

concept which is more important [4]. The fundamental concept 

can be understand by basic text book of control system design [5], 

automatic control system [6] and control system engineering [7]. 

II. LEAD AND LAG OPAMP CIRCUIT 

 

Many parameters involved in the real world and different 

parameter involve with physical quantity and all things can be 

represented in mathematical model. From many decades opamp 

have been used for many applications. Many popular text book 

treat different work concept with variety of application. There are 

lot of analog ckt tools available where one can easily implement 

the concept of opamp. Figure 1 and 3 are the respective lead and 

lag opamp circuit. 

 

 
Figure 1: Lead Compensator (R1C1> R2C2). 

Source: Authors, (2020). 
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For the concept of lead and lag here we are analyzing 

through tinkercad and wolfram tool. Connect opamp Ics (741) on 

the breadboard then take resistors (R1=358 Kilo ohms, R2=179 

kilo ohms,) and 4 capacitors(C1=5.6 micro farad,C2=0.1 micro 

farad for lead compensator design as R1C1 should be greater than 

R2C2. similarly, R3=179 kilo ohms, R4=358 kilo ohms C3=0.1 

micro farad, C4=5.6 micro farad for lag compensator.  And 

connect them in parallel combination with each other (R1C1, 

R2C2 for lead design and for lag compensator design take R3C3, 

R4C4). 

Connect R1C1 and R3C3 combinations to the pin number 

2 of the opamp ICs respectively such that one terminal of the 

parallel combination (of the resistor and capacitor) should be 

connected to the power supply and the R2C2 and R4C4 

combination to the pin number 6 of the opamp ICs respectively 

so that they are grounded. 

After that make ground the pin number 3 of both the 

opamp ICs and connect the pin number 4 of both opamp ICs to 

the power supply (-ve). Connect pin number 7 of both the opamp 

ICs to the power supply (+ve). Now connect pin number 2 with 

pin number 6 of both the opamp ICs. Now using a function 

generator provide power supply through the breadboard. 

Connect power supply (+ve) to the breadboard (i.e. by 

connecting the positive terminal to positive end of the breadboard 

and negative terminal to the negative terminal of the breadboard). 

8) Now connect other power supply (-ve) to the 

breadboard (i.e. by connecting the positive terminal to negative 

end of the breadboard and negative terminal to the positive 

terminal of the breadboard). Now connect oscilloscopes to two to 

the input and two for the output. For input, connect the positive 

terminal of the oscilloscope to the power supply on the 

breadboard and the negative terminal is to be grounded. 

10) Now connect the remaining two oscilloscopes by 

connecting the positive terminal of the oscilloscope to the power 

supply on the breadboard and negative terminal is to be connected 

to the parallel combination of the resistor and capacitor (R2C2 

and R4C4). Also interconnect the positive terminals of the 

breadboard and the negative terminals with each other (+ve to +ve 

and -ve to -ve). The simulation results for lead and lag circuit is 

carried out through tinkercad circuit tool [8]. 

 

 
Figure 2: Lead Compensator using opamp circuit. 

Source: Authors, (2020). 

 

 
Figure 3: Lag Compensator (R1C1< R2C2). 

Source: Authors, (2020). 
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The effects of lead and lag compensator shows in 

oscilloscope Figure 2 and 4. Normally damping which will be 

more in case of led compensator. Due to this less rise time and 

less overshoot. 

With the observation from oscilloscope one can easily find 

the lead and lag phase difference. Depending on the values of 

register and capacitor, the circuit behaves as lead and as well as 

lag. Any type of correction if a system will require then 

compensator circuit is very useful. Some cases lead lag 

compensator that is combination circuit is also useful. Satellite 

launching, automobile, robotic control its use is more. 

 

 
Figure 4: Lag Compensator using opamp circuit. 

Source: Authors, (2020). 

 

III. ROOT LOCUS APPROACH 

 

A pair of pole-zero has to be form for realization of 

compensated network. If a network having pole nearer to 

imaginary axis then it introduces a lag network. In general 

compensating represented as: 

 

Compensator network: 

𝐺(𝑠) =
(s + a)

(s + b)
                                     (1) 

If a>b it’s lag, if a<b its lead 

 

Consider a system: 

𝐺(𝑠) =
100

s(s + 9)
                                     (2) 

 

Depend upon the value of value of zero and pole the 

compensator may lead type (a<b) or lag type (a>b). 

Lead Compensator network: 

𝐺(𝑠)𝐺𝑐 =
100

s(s + 9)

(s + 10)

(s + 16)
                          (3) 

 

Lag Compensator network: 

𝐺(𝑠). 𝐺𝑐 =
100

s(s + 9)

(s + 10)

(s + 0.0016)
                    (4) 

 

Here we are considering as an example of a system gain as 

per Equation 2 but for that system if someone will add a 

compensator network, then the output response in the root locus 

plot which will vary like close and away from the origin. The root 

locus of the main considered system is shown in Figure 5 but if 

lead network or lag compensator network will be introduced then 

the output is shown in Figure 6 and Figure7. The simulation result 

which was carried by the wolfram alpha tool [9]. 

 

 
Figure 5: Root locus for uncompensated system. 

Source: Authors, (2020). 

Page 60



 
 
 

 

 

Mohapatra and Joshi, ITEGAM-JETIA, Manaus, v.6, n.24, p. 58-62, July/Aug., 2020. 

As per the equation written in 1, based on that one can say 

what type of compensator should be require for a system output 

performance. As from Figure 5 as it is in stable condition even 

after if someone will go for lag or lead then how the response 

change that can easily observable through root locus simulation. 

 

 

 
Figure 6: Root locus for lag network. 

Source: Authors, (2020). 

 

 
Figure 7: Root locus for lead network. 

Source: Authors, (2020). 

 

IV. CONCLUSIONS 

 

In this research result we can easily visualize the phase 

difference in oscilloscope by drag and drop of all require 

components to the breadboard and simple connection as per 

circuit connection by using tinkercad. Secondly, we can compare 

lead and lag by proper value choosing for compensator so that the 

root locus line, which will indicate the system stability using 

mathematical tool. This type of simple research may help students 

on lead and lag concept with analysis of mathematical model. 

Root locus and lead and lag compensator may help undergraduate 

students about the stability of the system. such type of 
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computational tool can help students for their choice of different 

control by choosing by their own choice value and this way they 

can understand the problem and concept behind control theory. 

To make students learn easily, effort has been expanded 

through web base tool. Many concepts can be analysis with fast 

and deep easily through interactive tool. 
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