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4.1 Design Problem 

The performance of a control system can be described in terms of the time-domain performance measures 

or the frequency-domain performance measures. The performance of a system can be specified by 

requiring a certain peak time Tp, maximum overshoot, and settling-time for a step input. Furthermore, it is 

usually necessary to specify the maximum allowable steady-state error for several test signal inputs and 

disturbance inputs. These performance specifications can be defined in terms of the desirable location of 

the poles and zeros of the closed-loop system transfer function T(s). Thus, the location of the s-plane poles 

and zeros of T(s) can be specified. 

The design of a system is concerned with the alteration of the frequency response or the root locus of the 

system in order to obtain a suitable system performance. For frequency response methods, we are 

concerned with altering the system so that the frequency response of the compensated system will satisfy 

the system specifications. Hence, in the frequency response approach, we use compensation networks to 

alter and reshape the system characteristics represented on the Bode diagram. 

Alternatively, the design of a control system can be accomplished in the s-plane by root locus methods. For 

the case of the s-plane, the designer wishes to alter and reshape the root locus so that the roots of the 

system will lie in the desired position in the s-plane. 

 

4.2 Compensation 

 A compensator is an additional component or circuit that is inserted into a control system to 

compensate for a deficient performance. 

 In order to obtain the desired performance of the system, we use compensating networks. 

Compensating networks are applied to the system in the form of feed forward path gain adjustment. 

Compensate an unstable system to make it stable. 

 A compensating network is used to minimize overshoot. These compensating networks increase the 

steady state accuracy of the system. Also, the increase in the steady state accuracy brings instability to 

the system. Compensating networks also introduces poles and zeros in the system thereby causes 

changes in the transfer function of the system 

 

Methods of Compensation 

4.2.1 Series Compensation 

Connecting compensating circuit between error detector and plants known as series compensation. 

 
Figure 4.2.1 Series Compensation 

When the compensator is placed in series with the forward path gain of the control system, the scheme is 

called series compensation or the cascade compensation. 
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In this scheme the signal flows from the lower energy levels towards the higher energy level. Therefore the 

additional amplifiers are used to increase the gain as well as provide the necessary isolation. A series 

scheme has more number of components compared to the feedback scheme. 

 

4.2.2 Feedback Compensation 

When a compensator used in a feedback manner called feedback compensation. 

 
Figure 4.2.2 Feedback compensation 

If the feedback is taken from some internal element and a compensator is introduced in such feedback 

path to provide an additional internal feedback loop, the scheme is known as feedback compensation 

 

 

4.2.3 Combined Cascade & Feedback Compensation 

A combination of series and feedback compensator is called load compensation. 

 
Figure 4.2.3 Combined Cascade & Feedback compensation 

Sometimes a situation demands to both type of compensation, series as well feedback. This scheme is 

called combined series and feedback compensation. 

To select a proper compensation scheme, the nature of the signals available in the system, the power 

levels at various points available components, the economic considerations and the designers experience 

are important. 

 

4.3 Compensating Network: 

 A compensating network is one which makes some adjustments in order to make up for deficiencies in 

the system. Compensating devices are may be in the form of electrical, mechanical, hydraulic etc. Most 

electrical compensator is RC filter. The simplest network used for compensator is known as lead, lag 

network. 

 A compensator is a physical device which may be an electrical network, mechanical unit, pneumatic, 

hydraulic or a combination of various type of devices. The following electrical compensating networks 

are generally used for series compensation. The following electrical compensating networks are 

generally used: 

1. Lead Compensation Network 

2. Lag Compensation Network 

3. Lag-Lead Compensation Network 

4.3.1 Phase Lead Compensation 
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The lead compensator is an electrical network which produces a sinusoidal output having phase lead when 

a sinusoidal input is applied. The lead compensator circuit in the S domain is shown in the following figure. 

 
Figure Phase Lead Compensator 

 

Here, the capacitor is parallel to the resistor �1 and the output is measured across resistor �2. 

The transfer function of this lead compensator is – 

 �� = ( � + 1� + 1) 
 

Where � = � � and = �� +�  

From the transfer function, we can conclude that the lead compensator has pole at  =  −1/� and a zero 

at  =  −1/ �. 

Substitute,  =  � in the transfer function. 

 � �� � = ( �� + 1�� + 1) 
 

 

Phase angle ∅ =  ��−  �� −  ��−  �� 

We know that, the phase of the output sinusoidal signal is equal to the sum of the phase angles of input 

sinusoidal signal and the transfer function. 

So, in order to produce the phase lead at the output of this compensator, the phase angle of the transfer 

function should be positive. This will happen when 0 <  < 1. Therefore, zero will be nearer to origin in 

pole-zero configuration of the lead compensator. 

Effects of a Lead Compensator: 

1. Since a Lead compensator adds a dominant zero and a pole, the damping of a closed loop 

system is increased. 

2. The less overshoot, less rise time and less settling time are obtained due to increase of damping 

coefficient and hence there is improvement in the transient response of the closed loop system. 

3. It improves the phase margin of the closed loop system. 

4. Bandwidth of the closed loop system is increased and hence the response is faster. 

5. The steady state error does not get affected. 

 

Limitations: 

1. Since an additional increase in the gain is required, it results in larger space, more elements, greater 

weight and higher cost. 

2. From a single lead network, the maximum lead angle available is about 600. For lead of more than 

700 to 900, a multistage lead compensator is required.  

 

4.3.2 Phase Lag Compensation 

The phase lag compensator is shown in diagram 4.3.2 below 
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Figure 4.3.2 Phase Lag Compensator 

 

Here, the capacitor C2 is in series to the resistor �2 and the output is measured across the series 

combination of the resistor R2 and Capacitor C2 as shown in figure. 

The transfer function of this lead compensator is – 

 �� = 1 ( + 1�+ 1�) 

 

Where � = � � and = � +�� > 1, Generally  is taken to be 10. 

From the transfer function, we can conclude that the lead compensator has pole at  =  −1/ � and a zero 

at  =  −1/�. 

Substitute,  =  � in the transfer function. 

 � �� � = 1 ( � + 1�� + 1�) = 1 + ��1 + � � 

 

Therefore the magnitude  � = � ��� � = √ +� �√ +� � �  

And the phase angle is given by, Phase angle ∅ =  ��−  �� −  ��−  �� 

The above equations gives the frequencies at which the phase lag is maximum and the ��is the geometric 

mean of two frequencies. Here � = � and � = �� are the two corner frequencies. 

Effects and Limitations of the Lag compensator 

1. Since Lag compensator allows high gain at low frequencies, it is basically a low pass filter. 

Therefore it improve the steady state response. 

2. In Lag compensation, the attenuation characteristics is used for the compensation, whereas the 

phase lag characteristic is of no use in compensation. 

3. The system is very sensitive to parameters variation. 

4. Since a lag compensator approximately acts as a PI controller, it thus tends to make a system 

less stable. 

 

4.3.3 Lag Lead Compensation Network 

Lag-Lead compensator is an electrical 

network which produces phase lag at one 

frequency region and phase lead at other 

frequency region. It is a combination of 

both the lag and the lead compensators. 

The lag-lead compensator circuit in the S 

domain is shown in the following figure. 

 
Figure4.3.3 Lag-Lead Compensator 

Downloaded from  be.rgpvnotes.in

Page no: 4 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

This circuit looks like both the compensators are cascaded. So, the transfer function of this circuit will be 

the product of transfer functions of the lead and the lag compensators. 

 �� = ( � + 1� + 1) 1 ( + 1�+ 1� ) 

 

 �� = ( + 1�+ 1� ) ( + 1�+ 1� ) 

 

We know that = 1, � = � � and � = � �  

Therefore the magnitude  � = � ��� � = √ +� � √ +� �√ +� � � √ +� � �  

And the phase angle is given by, Phase angle ∅ =  ��−  �� + ��−  �� −  ��−  �� −  ��−  ��  

The above equations gives the frequencies at which the phase lag is maximum and the �� is the geometric 

mean of four frequencies. Here � = �  , � = �  ,� = ��  and � = ��  are the corner frequencies. 

 

Effects of Lag Lead Compensator: 

To get fast response and good static accuracy, a lag lead compensator is used. It also increase the low 

frequency gain, which improves the steady state response. Since it increases the bandwidth of the system, 

the system response becomes very fast. In general the phase lead portion of this compensator provides 

large bandwidth & hence shorter rise time and settling time, while the phase lag portion provides the 

major damping of the system. 

 

4.4 Proportional Controllers 

With proportional controllers there are two conditions: 

1. Deviation should not be large; it means there should be less deviation between the input and 

output. 

2. Deviation should not be sudden. 

 
Figure 4.3.1 Proportional Controller 

In the proportional controller the output (also called the actuating signal) is directly proportional to the 

error signal. Now let us analyze proportional controller mathematically. As we know in proportional 

controller output is directly proportional to error signal, writing this mathematically we have,  �  ∝    
Removing the sign of proportionality we have, � =  ��.  

Where, �� is proportional constant also known as controller gain. It is recommended that �� should be 

kept greater than unity. If the value of �� is greater than unity, then it will amplify the error signal and 

thus the amplified error signal can be detected easily. 

 

Advantages of Proportional Controller 

1. Proportional controller helps in reducing the steady state error, thus makes the system more 

stable. 

2. Slow response of the over damped system can be made faster with the help of these controllers. 

 

Disadvantages of Proportional Controller 
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1. Due to presence of these controllers we some offsets in the system. 

2. Proportional controllers also increase the maximum overshoot of the system. 

 

4.4 Integral Controllers 

As the name suggests in integral controllers the output is directly proportional to the integral of the error 

signal. Now let us analyze integral controller mathematically.  

 
Figure 4.4.1 Integral Controller 

As we know in an integral controller output is directly proportional to the integration of the error signal, 

writing this mathematically we have,  �  ∝  ∫   , 

Removing the sign of proportionality we have, �  =  �  ∫  , 

Where, �  is integral constant also known as controller gain. Integral controller is also known as reset 

controller. 

Advantages of Integral Controller 

Due to their unique ability they can return the controlled variable back to the exact set point following a 

distur an e that’s why these are known as reset ontrollers. 
Disadvantages of Integral Controller 

It tends to make the system unstable because it responds slowly towards the produced error. 

 

4.5 Derivative Controllers 

Derivative controller should be used in combinations with other modes of controllers because of its few 

disadvantages which are written below: 

1. It never improves the steady state error. 

2. It produces saturation effects and also amplifies the noise signals produced in the system. 

 
Figure 4.5.1 Derivative Controller 

 

Now, as the name suggests in a derivative controller the output is directly proportional to the derivative of 

the error signal. Derivative controller output is directly proportional to the derivative of the error signal, 

writing this mathematically we have,  �  ∝  /  

Removing the sign of proportionality we have, �  =  �  /  

Where, �  is proportional constant also known as controller gain. Derivative controller is also known as 

rate controller. 

 

Advantages of Derivative Controller 

The major advantage of derivative controller is that it improves the transient response of the system. 

 

4.6 Proportional and Integral Controller 
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As the name suggests it is a combination of proportional and an integral controller the output is equal to 

the summation of proportional and integral of the error signal. Now let us analyze proportional and 

integral controller mathematically. 

 
Figure 4.6.1 PI Controller 

 

As we know in a proportional and integral controller output is directly proportional to the summation of 

proportional of error and integration of the error signal, writing this mathematically we have,  �  ∝  ∫    +  �  ∝   

Removing the sign of proportionality we have, �  =  �  ∫    +  �� , 
Where, �  and � proportional constant and integral constant respectively. 

Advantages and disadvantages are the combinations of the advantages and disadvantages of proportional 

and integral controllers. 

 

4.7 Proportional and Derivative Controller 

It is a combination of proportional and a derivative controller the output is equals to the summation of 

proportional and derivative of the error signal. Now let us analyze proportional and derivative controller 

mathematically. 

 
Figure 4.7.1 PD Controller 

 

Proportional and derivative controller output is directly proportional to summation of proportional of error 

and differentiation of the error signal, writing this mathematically we have,  � ∝ +   

Removing the sign of proportionality we have,  �  =  �  /  + ��  

Where, �  and �� proportional constant and derivative constant respectively. Advantages and 

disadvantages are the combinations of advantages and disadvantages of proportional and derivative 

controllers. 

 

4.8 Proportional Integral and Derivative (PID) Controller 

A controller is a device which when introduced in feedback or forward path of system, controls the steady 

state and transient response as per the requirement. This controller converts the applied input to some 

other form of error which is proportional to the error due to which steady state and transient response 

gets improved. The output of the controller is proportional to the amount of error generated by that 

device.  

The performance of this controlling phenomena may be done by means of electrical, mechanical, 

pneumatic or hydraulic medium. 

The proportional integral derivative controller produces an output, which is the combination of the 

outputs of proportional, integral and derivative controllers. 
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� ∝  + ∫    +  

Removing the sign of proportionality we have,  �  =  �� + �  ∫   + �  /   
Where ��, �   & �  and proportional constant, integral constant and derivative constant respectively. 

Advantages and disadvantages are the combinations of advantages and disadvantages of proportional, 

integral and derivative controllers. 

The block diagram of the unity negative feedback closed loop control system along with the proportional 

integral derivative controller is shown in the following figure. 

 
Figure 4.8.1 PID Controller 
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We hope you find these notes useful. 

You can get previous year question papers at 
https://qp.rgpvnotes.in . 

 
 

If you have any queries or you want to submit your 
study notes please write us at 

rgpvnotes.in@gmail.com 
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