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18EE61 - Control Systems – Solution 

Question 1 

a. Control system is a system in which the output quantity is controlled by varying the 

input quantity. 

 

 
 

b. Variables are angular acceleration, angular velocity and angular displacement. 

Newton’s Law states that algebraic sum of torques about a fixed axis is equal to the 

product of inertia and its angular acceleration about the axis. 
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Question 2 

a.  

 
 



 

 

b. A.C Servomotor 

 

 
 



 

 

c.  

 



 

 

Question 3 

a. Block Diagram: A block diagram is a pictorial representation of the cause and effect 

relationship between the input and output of a physical system. 



Properties: 

 

 

b.  
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Question 4 

a. i) Input node or Source: It is a node with only outgoing branches. 

Output node or Sink: It is a node with only incoming branches. 

 

ii) Loop: It is a path which originates and terminates at the same node and along 

which no node is traversed more than once. 

Loop gain: The product of branch gains encountered in traversing the loop 

 

iii) Forward path: It is a path that starts at an input node and ends at an output node, 

and along which no node is traversed more than once. 



 

b. Mason Gain Formula: 
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Question 5 

a.  

 
 

 



 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



b.  
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Question 6 

a. Difficulty in constructing the Routh array: For complex systems with many equations, 

manually constructing the Routh array can be tedious and error-prone. Even with 

computer assistance, it can become time-consuming. 

Remedy: Utilize computational software or programming languages with built-in 

functions to automatically generate the Routh array and analyze the stability. 

Inability to handle systems with uncertain parameters or time delays: The Routh-

Hurwitz criteria are only applicable to systems with known and constant coefficients. 

If the system parameters are uncertain or time-delay effects are present, the criteria 

become less effective or may not be applicable. 

Remedy: Explore other stability analysis methods suitable for systems with uncertain 

parameters or time delays, such as Lyapunov stability analysis or robust control 

techniques. 

Difficulty in dealing with non-polynomial systems: The Routh-Hurwitz criteria are 

designed for polynomial systems. If the system contains non-polynomial terms or 

fractional powers, the criteria cannot be directly applied. 

Remedy: Linearize the system around an operating point to approximate it with a 

polynomial form and then apply the Routh-Hurwitz criteria for stability analysis. 

Precision issues with floating-point calculations: In some cases, especially for large 

systems or high-order polynomials, the precision of floating-point calculations may 

introduce numerical errors and inaccuracies in the Routh-Hurwitz analysis. 

Remedy: Utilize numerical methods with higher precision or consider symbolic 

computation techniques to improve the accuracy of the Routh-Hurwitz analysis. 
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Question 7 

a. i) Angle of Asymptote: 

 
 

ii) Break away points: 

 

 
b. Root locus 

 



 

 
 

Question 8 

a. i) Gain Margin: 

Gain margin is a measure used in control systems engineering to quantify the relative 

stability of a system with feedback control. It indicates how much additional gain 

(amplification) a system can tolerate before it becomes unstable. Gain margin is an 

important parameter to assess the robustness of a control system. 

 

ii) Phase Margin: 

Phase margin is another critical parameter used in control systems engineering to 

assess the stability and robustness of a system with feedback control. It quantifies how 

far the system's phase shift is from -180 degrees at the frequency where the magnitude 

of the system's open-loop transfer function is unity (1 or 0 dB). Phase margin is 

particularly important because it provides information about the system's ability to 

handle phase shifts and phase delays without becoming unstable. 

 

 

 

 

 

 

 

 

 

 



b. Bode plot: 

 

 

 

 



Question 9 

a. Nyquist stability criteria: 
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Question 10 

a. Lead compensation: 

 
 

 
 

 



 

 

b. i) PI Controller: 

 
 

 
 

 

 

 

 

 

 

 

 

 



ii) PD Controller: 

 
 

 
 

 
 


