
CONTROL SYSTEMS-IC6501 

PART A & PART B 

UNIT I - SYSTEMS AND THEIR REPRESENTATION 

PART A (2 MARKS) 

1. What is control system? (April 2009) 

A system consists of a number of components connected together to perform a specific function. In a 

system when the output quantity is controlled by varying the input quantity then the system is called 

control system.  

2. What are the two major types of control system?  (May 2007) 

The two major types of control systems are 

i. Open Loop Control System 

ii. Closed Loop Control System 

3. Define open loop control system. (April 2005) 

The control system in which the output quantity has no effect upon the input quantity is 

called open loop control system. This means that the output is not feedback to the input 

for correction.  

4. Define closed loop control system. (May 2006) 

The control system in which the output has an effect upon the input quantity so as to 

maintain the desired output value is called closed loop control system.  

5. What are the components of feedback control system? (Dec 2006) 

The components of feedback control system are plant, feedback path elements, error  

detector and controller.  

6.  Define transfer function. (April 2009) 

 The T.F of a system is defined as the ratio of the Laplace transform of output to Laplace 

transform of input with zero initial conditions.  

    Laplace Transform of Output 

 Transfer Function = ----------------------------------------- 

    Laplace Transform of Input         with zero initial conditions  

 The transfer function can be obtained by taking Laplace transform of the differential equations 

governing the system with zero initial conditions and rearranging the resulting algebraic equations to get 

the ratio of output to input. 
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7. What are the basic elements used for modeling mechanical translational system?(May 2007) 

 The model of mechanical translational systems can be obtained by using three basic elements 

mass, spring, and dash -pot. These three elements represent three essential phenomena which occur in 

various ways in mechanical systems. 

 The weight of the mechanical system is represented by the element mass and it is assumed to be 

concentrated at the centre of the body. The elastic deformation of the body can be represented by a spring. 

The friction existing in mechanical system can be represented by the dash – pot. The dash – pot is a piston 

moving inside a cylinder filled with viscous fluid. 

8. What are the basic elements used for modeling mechanical rotational system? (Dec 2009) 

 The model of mechanical rotational systems can be obtained by using three basic elements 

moment of inertia J, dashpot with rotational frictional coefficient, B, and torsional spring with stiffness, 

K.  

 The weight of the rotational mechanical system is represented by the moment of inertia of the 

mass. The moment of inertia of the system or body is considered to be concentrated at the centre of 

gravity of the body. The elastic deformation of the body can be represented by a spring (torsional spring). 

The friction excising in rotational mechanical system can be represented by a dash – pot. The dash – pot 

is a piston rotating inside a cylinder filled with viscous fluid.  

9. Name two types of electrical analogous for mechanical system. (May 2008) 

 The two types of analogies for the mechanical system are: 

 Force voltage analogy 

 Force current analogy  

 

10. What is block diagram?  

 A block diagram of a system is a pictorial representation of the functions performed by each 

component of the system and shows the flow of signals. The basic elements of block diagram are blocks, 

branch point and summing point.  

11. What are the advantages of closed loop systems? (April 2009) 

a) In these systems accuracy is very high due to correctiosn of any arising error 
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b) Since these systems sense environmental changes as well as internal disturbances, the errors are 

modified. 

c) There is reduced effect of nonlinearity in these systems 

d) These systems have high bandwidth,i.e high operating frequency zone. 

e) There are facilities of automation in these systems 

12.  What is the basis for framing the rules of block diagram reduction technique? (May 2006) 

 The rules for block diagram reduction technique are framed such that any modification made on 

the diagram does not alter the input - output relation.  

13. What is a signal flow graph? (May 2008) 

 A signal flow graph is a diagram that represents a set of simultaneous algebraic equations. By 

taking L.T the time domain differential equations governing a control system can be transferred to a set of 

algebraic equations in s-domain.  

14. What is transmittance? (Dec 2007) 

The transmittance is the gain acquired by the signal when it travels from one node to another 

node in signal flow graph. The transmittance can be real or complex. 

16. Define non - touching loop. (Dec 2013) 

 The loops are said to be non - touching if they do not have common nodes.  

17. Write Masons Gain formula. (May 2011) 

 Masons Gain formula states that the overall gain of the system is  

                                  1 

Overall gain, T = ---------- ∑ Pk Δk 

             Δ     k 

 T  = T (s) = Transfer function of the system 

Pk -   Forward path gain of kth forward path 
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Δ = 1- [sum of individual loop gains] + [sum of gain products of all possible combinations 

of two non touching loops] - [sum of gain products of all possible combinations of three non touching 

loops] + …………………….. 

Δk =   Δ for that part of the graph which is not touching kth forward path. 

 

18. Write the analogous electrical elements in force voltage analogy for the elements of 

 mechanical translational system. (May 2009) 

 Force – Voltage, e  

 Velocity, v – Current, i   

 Displacement, x – Charge, q  

 Frictional Coefficient, B – Resistance, R  

 Mass, M – Inductance, L  

 Stiffness, K - Inverse of capacitance, 1/C  

19. Write the analogous electrical elements in force current analogy for the elements of 

mechanical translational system. (May 2007) 

 Force, F   - Current, i  

 Velocity v   - Voltage, V  

 Displacement x  - flux, Ф   

 Frictional coefficient, B  - Conductance 1/R  

 Mass, M   - Capacitance, C  

 Stiffness, K   - Inverse of inductance, 1/L  

 

20. Write the force balance equation of the following ideal element?(April 2010) 

 Mass: F = M d2x /dt2 

Dashpot: F = B dx /dt  

Spring: F = Kx  
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21. Distinguish between open loop and closed loop system.(April 2009) 

Sl. No: OPEN LOOP CLOSED LOOP 

1 Inaccurate  Accurate  

2 Simple and economical  Complex and costlier  

3 The changes in output due to external 

disturbance are not corrected.  

The changes in output due to external 

disturbances are corrected automatically. 

4 Unstable  They are generally stable Great efforts are 

needed to design a stable system. 

 

22. What is servomechanism? (May 2005) 

 The servomechanism is a feedback control system in which the output is mechanical  

Position, i.e., when the objective of the system is to control the position of an object then the system is 

called servomechanism. 

23. Why is negative feedback system is invariably preferred in closed loop system?(Dec 2013)  

 The negative feedback results in better stability in steady state and rejects any disturbance signals.  

electrical signal (control voltage) applied to them into an angular displacement of the shaft. They can 

either operate in a continuous duty or step duty depending on construction. 

24. What is synchro? (April 2012) 

Synchros are a device used to convert an angular motion to an electrical signal or vice versa. It 

works on the principle of a rotating transformer (induction motor). The term Synchros is a generic name 

for a family of inductive devices which works on the principle of a rotating transformer (Induction 

motor). The trade names for Synchros are Selsyn, Autosyn and Telesyn. 

25.Mention applications of synchros(Dec 2013) 

a) To control the angular position of load from a remote place/long distance. 

b) For automatic correction of changes due to ditrubance in the angular position of the load. 
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UNIT II - TIME RESPONSE 

PART A (2 MARKS) 

1. What is transient response? (May2009) 

 The transient response is the response of the system when the system changes from one 

state to another. The transient response of a system to a unit step input depends on the initial 

conditions. Therefore to compare the time response the time response of various systems it is 

necessary to start with standard initial conditions. The most practical standard is to start with the 

system at rest and so output and all time derivates before t = 0 will be zero. 

2. What is steady state response? (April 2004) 

 The steady state response is the response of the system when it approaches infinity.  

3. What is an order of a system? (Dec 2012) 

 The order of a system is the order of the differential equation governing the system. The 

order of the system can be obtained from the transfer function of the given system.  

4. Define Damping ratio. (Dec 2013) 

 Damping ratio is defined as the ratio of actual damping to critical damping.  

5. List the time domain specifications.(April 2008)  

  The time domain specifications are  

 Delay time  

 Rise time  

 Peak time  

 Peak overshoot  

6. Define Delay time. (Dec 2007) 

 The time taken for response to reach 50% of final value for the very first time is called 

delay time.  
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7. Define Rise time. (Dec 2004) 

  It is the time for response to rise from 0 to 100% of its final value for the very first time. 

For under damped system, the rise time is calculated from 0 to 100%. But, for over damped 

system it is the time taken by the response to raise form 10% to 90%. For critically damped 

system, it is the time taken for response to rise from 5% to 95%.Rise time, tr for a step input,     

          Π – cos -1 δ 

  Rise time, tr  = --------------------------     

       ωn √ (1 – δ
2

) 

8. Define peak time. (Dec 2005) 

 It is the time required for the response to reach the peak value for the very first time. Or it 

is the time taken for the response to reach the peak overshoot, Mp.       

            π 

  Peak time, tp  =       --------------------------     

       ωn √ (1 – δ2
) 

9. Define peak overshoot. (April 20060 

Peak overshoot is defined as the ratio of maximum peak value measured from the 

maximum value to final value. The peak overshoot is defined as 

          c (tp)  - c(∞) 

 Mp = ------------------------ 

    c (∞) 

For step input, c (∞)  = css = 1; 

   -  π δ 

  Mp  = exp     -----------------    
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 √ (1 – δ
2

) 

10. Define Settling time. (Dec 2006) 

 It is defined as the time taken by the response to reach and stay within a specified 

tolerance band ±Δ. It is usually expressed as % of final value. This tolerance band or error is 

either ±2% or ±5% of the final steady state value.         4 

  For 2% tolerance, settling time, ts   =    ------------ 

   δωn 

           3 

 For 5% tolerance, settling time, ts   =    ------------ 

  δωn 

11. What is the need for a controller?  

 The controller is provided in the feedback control systems to modify the error signal and 

to achieve better control action. The introduction of controllers will modify the transient 

response and the steady state error of the system.  

12. What are the different types of controllers? (May 2006) 

 The different types of controllers are: 

 ON – OFF Controller 

 Proportional Controller  

 PI Controller  

 PD Controller  

 PID Controller  

13. What is proportional controller? (April 2006) 

 It is device that produces a control signal which is proportional to the input error signal. 

The transfer function of proportional controller is Kp. The term Kp is called the gain of the 

controller. Hence the proportional controller amplifies the error signal and increases the loop 
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gain of the system. The following aspects of system behaviour are improved by increasing loop 

gain. 

 Steady state tracking accuracy 

 Disturbance signal rejection 

 Relative stability 

In addition to increase the loop gain it decreases the sensitivity of the system to 

parameter variations. The drawback in proportional control action is that it produces a constant 

steady state error. 

14. What is PI controller? (Dec 2005) 

 It is device that produces a control signal consisting of two terms: one is proportional to 

error signal and the other is proportional to integral of error signal.  

                                                                                         

 Transfer Function of PI controller = Kp  (1+1/Ti S)   

                                                                                      

where, Kp is equal to proportional gain and Ti is equal to integral time. 

15. What is the significance of integral controller and derivative controller in a PID 

controller? (Dec 2007) 

 The proportional controller stabilizes the gain but produces a steady state error. The 

integral control reduces or eliminates the steady state error. The derivative controller reduces the 

rate of change of error.  The combined effect of all the three cannot be judged from the 

parameters Kp, Ki and Kd. 

16. Why derivative controller is not used in control systems? (May 2011) 

 The derivative controller produces a control action based on the rate of change of  

error signal and it does not produce corrective measures for any constant error. Hence derivative 

controller is not used in control system  
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17. Define Steady state error. (May 2012) 

 The steady state error is defined as the value of error signal e (t), when t tends to infinity. 

The steady state error is a measure of system accuracy. These errors arise from the nature of 

inputs, type of system and from non – linearity of system components. 

18. What is the drawback of static coefficients? (May 2013) 

 The main draw back of static coefficient is that it does not show the variation of  

error with time and input should be standard input.  

19. What is step signal? (May 2004) 

The step signal is a signal whose value changes from zero to A at t= 0 and remains constant at A 

for t > 0.        r (t)                                                              r (t) = A u (t) 

           A         where, u (t) = 1; t ≥ 0   

           u (t) = 0; t < 0 

 

            0 t  

      

20. What is ramp signal? (April 2007) 

The ramp signal is a signal whose value increases linearly with time from an initial value 

of zero at t=0.the ramp signal resembles a constant velocity.  

          r (t)   r (t) = At; t ≥ 0 

         = 0; t < 0 

              0                                    t 

 

21. What is a parabolic signal? (May 2005) 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



 The parabolic signal is a signal whose value varies as a square of time from an initial 

value of zero at t = 0.This parabolic signal represents constant acceleration input to the signal.    r 

(t)                                                                    r (t)  = At2         ;  t ≥ 0 

                                                                                                     2 

                                                                                    = 0; t < 0 

 

 

                   0    t 

 

22. What are the three constants associated with a steady state error? (April 2007) 

 Positional error constant  

 Velocity error constant  

 Acceleration error constant  

 

23. What are the main advantages of generalized error co-efficients? (Dec 2006) 

 Steady state is function of time. 

 Steady state can be determined from any type of input 

24. What is steady state error and what are static error constants? (April 2008) 

 The steady state error is the value of error signal e (t) when t tends to infinity and the 

constants Kp, Kv and Ka are called static error constants.  

25. What is the effect of PD controller on system performance? (May 2009) 

 The effect of PD controller is to increase the damping ratio of the system and so the  

peak overshoot is reduced.  

26 . What is meant by ‘corner frequency’ in frequency response analysis?(Dec 2013) 
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The magnitude plot can be approximated by asymptotic straight lines. The frequencies 

corresponding to the meeting point of asymptotes are called corner frequency. The slope of the 

magnitude plot changes at every corner frequencies 

27. What is meant by state state error?(Dec 2009) 

The stady state error  is the value of error signal e(t),when t tends to infinity.The steady state 

error is a measure of system accuracy.These errors arise from the nature of inputs, type of system 

and from non-linearity of systems components 

PART B (16 MARKS) 

1:The unity feedback system is characterized by an open loop transfer function 

G(s)=k/s(s+10).determine the gain k,so that the system will have a damping  ratio of0.5.for this 

value of k,determine settling time,peak overshoot and time to peak overshoot for unit step 

input.(April 2009) 

ii) a unity  feedback system has the forward transfer function G(S)=k1(2s+1)/s(5s+1)(1+s)^2. 

The input r(t)=(1+6t) is applied to the system. determine the minimum value of k1,if the steady 

error is to be less than 0.1.(Dec 2012) 

2)with suitable block diagram and equations,explain the following types of controllers 

employed in control systems(May 2012) 

i)propotional controller 

ii)propotional-plus-integratal controller 

iii)PID controller 

iv)integral controller.(nov/dec2012) 

3)explain in detail PI,PID,PD controllers.(nov/dec2010) 

4)the open loop transfer function of a unity feedback system is given by G(S)=k/s(sT+1), where 

k and T are positive constant.by which factor should  the amplifier gain k be reduced,so that the 

peak overshoot of unit step response of the systemis reduced from 75% to 25%.(nov/dec 2010) 

5)i)determine k to  limit  the error error of a system for input     

1+8t+18/2 t^2 to 0.8 having G(S)H(S)=K/s^2(s+1)(s+4) 

ii)the forward path transfer function of an unity feedback control system is given by 

G(S)=2/s(s+3). Obtain an expression for unit step response of a system.(nov/dec 2010) 
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6)a)the open loop transfer function of servosystem with unity feedback is G(S)=10/s(0.1s+1). 

Obtain the steady state error when subjected to an input given by the polynomial r(t)=a0+a1 t+a2 

t^2.also find the three error constants for the system(nov/dec2010 eie) 

7)consider a unity feedback system with open loop transfer function G(S)=75/(s+1)(s+3)(s+8). 

Design a PID controller to satisfy the following specifications: 

i)steady state error for unit ramp input should be less than 0.08. 

ii)damping ratio=0.8 

iii)natural frequency of oscillation=2.5rad/sec. 

state the expressions for the transfer function of the PID controller and for the open looptransfer 

functionof the compensated system(nov/dec2011 ec) 

8)i)derive an expression to find steady state error of a closed loop control system. 

ii)the closed loop transfer function of a second order system is given by T(S)=100/s^2+10s+100. 

Determine the damping ratio,natural frequency of oscillation, rise time,settling time and peak 

overshoot.(nov/dec2011ec) 

9)Determine all the  time domain specifications. 

ii)derive the expression for rise time and peak overshoot.(nov/dec 2011 eie). 

10) Discuss the effect of PI,P,PID,PD controllers.(nov/dec 2011 eie) 
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