
1

Modeling in the Frequency 

Domain

System & Control Engineering Lab.

School of Mechanical Engineering



CHAPTER OBJECTIVES

 Review the Laplace transform

 Learn how to find a mathematical model, 

called a transfer function, for linear, time-

invariant electrical, mechanical, and

electromechanical systems

 Learn how to linearize a nonlinear system in 

order to find the transfer function
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Mechanical System

• Translational Mechanical System

• Rotational Mechanical System

• Mechanical Linkages
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 Translational

– Linear Motion

 Rotational

– Rotational Motion
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Elements of Mechanical Systems
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Elements of Mechanical Systems
Systems of units
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( ) input;  ( ) outputF t x t 

Laplace transform
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( ) input;  ( ) outputF t x t 

Transfer function

 2 ( ) ( )ms cs k X s F s  

2

( ) 1

( )

X s

F s ms cs k


 



ROTATIONAL MECHANICAL SYSTEM
TRANSFER FUNCTIONS
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ROTATIONAL MECHANICAL SYSTEM
TRANSFER FUNCTIONS
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Determine transfer function

1For   J  
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Laplace transform with zero initial conditions
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ROTATIONAL MECHANICAL SYSTEM
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Transfer function
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TRANSFER FUNCTIONS FOR SYSTEMS WITH GEARS
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Laplace transform with zero initial conditions
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Transfer function
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