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Advantages of control systems
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System configurations
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The design process

5



The design process
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Modeling in the frequency domain
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• To understand system performance, a
mathematical model of the plant is
required

• This will eventually allow us to design
control systems to achieve a particular
specification



Laplace transform review
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The defining equation above is also known as the one-
sided Laplace transform, as the integration is
evaluated from t = 0 to .



Laplace table
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Laplace table
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TRANSFER FUNCTION
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T.F of LTI system is defined as the Laplace transform of the impulse
response, with all the initial condition set to zero



Laplace table
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Laplace table

13



ELECTRICAL NETWORK TRANSFER 
FUNCTION
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• In this section, we formally apply the transfer function to
the mathematical modeling of electric circuits including
passive networks

• Equivalent circuits for the electric networks that we work
with first consist of three passive linear components:
resistors, capacitors, and inductors.“

• We now combine electrical components into circuits,
decide on the input and output, and find the transfer
function. Our guiding principles are Kirchhoff s laws.



ELECTRICAL NETWORK TRANSFER 
FUNCTION
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Table 2.3 Voltage-current, voltage-charge,
and impedance relationships for
capacitors, resistors, and inductors



Modeling electrical element
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Modeling – Kirchhoff’s Voltage & 
Current Laws
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Modeling – Kirchhoff’s Voltage & 
Current Laws
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Modeling – Summary (Electrical 
System)
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• Modeling

– Modeling is an important task!

– Mathematical model

– Transfer function

– Modeling of electrical systems

• Next, modeling of mechanical systems



Translational Mechanical System 
T.F
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• The motion of Mechanical elements can be described in
various dimensions as translational, rotational, or
combinations of both.

• Mechanical systems, like electrical systems have three passive
linear components.

• Two of them, the spring and the mass, are energy-storage
elements; one of them, the viscous damper, dissipate energy.

• The motion of translation is defined as a motion that takes
place along a straight or curved path. The variables that are
used to describe translational motion are acceleration,
velocity, and displacement.



Translational Mechanical System 
T.F
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Newton's law of motion states that the algebraic sum of
external forces acting on a rigid body in a given
direction is equal to the product of the mass of the
body and its acceleration in the same direction. The
law can be expressed as



Translational Mechanical System 
T.F
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Table 2.4 Force-
velocity, force-
displacement, and
impedance
translational
relationships for
springs, viscous
dampers, and mass



Modeling-mechanical elements
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Modeling – Spring-Mass-Damper 
Systems

24



Modeling – Free Body Diagram
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Modeling – Spring-Mass-Damper 
System
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Modeling – Spring-Mass-Damper 
System

27



Modeling – Spring-Mass-Damper 
System
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Modeling – Spring-Mass-Damper 
System
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Modeling – Spring-Mass-Damper 
System
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Modeling – Spring-Mass-Damper 
System
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Modeling – Spring-Mass-Damper 
System
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Modeling – Spring-Mass-Damper 
System
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Exercise 
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Rotational Mechanical System
Transfer Functions 
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Rotational Mechanical System
Transfer Functions 
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Rotational Mechanical System
Transfer Functions 
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Rotational Mechanical System
Transfer Functions 
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Rotational Mechanical System
Transfer Functions 
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Transfer functions for systems with gears
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Relationship between input torque 
and delivered torque
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example
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example
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Gear train
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Gear train
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Electromechanical system transfer function
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Electromechanical system transfer function
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Electromechanical system transfer function
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Electromechanical system transfer function

49



Electromechanical system transfer function
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Electromechanical system transfer function
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Electromechanical system transfer function
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Electric circuit analog
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Electric circuit analog
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Electric circuit analog
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Electric circuit analog
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