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MECHANICAL SYSTEM

• Part-I: Translational Mechanical System

• Part-II: Rotational Mechanical System

• Part-III: Mechanical Linkages
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Basic Types of Mechanical Systems

 Translational
– Linear Motion

 Rotational
– Rotational Motion
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Translational 
Spring

Circuit Symbols

Translational Spring
 A translational spring is a mechanical element that can be

deformed by an external force such that the deformation is
directly proportional to the force applied to it.

Translational Spring
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TRANSLATIONAL MECHANICAL SYSTEM
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Transfer function



Example
 Find the transfer function of the mechanical 

translational system
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Example: Train Suspension
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Example: Train Suspension
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Example: Train Suspension
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1 1M J θ=∑ 

1 1 1 2 1 1( ) ( )T t D K Jθ θ θ θ− − − = 

2 2M J θ=∑ 

2 1 1 2 2 2( )D K Jθ θ θ θ− + − = 

Transfer function
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1 1 1 2 1 1( ) ( )T t D K Jθ θ θ θ− − − = 

2 2 2 2 2 1 0J D K Kθ θ θ θ+ + − = 

1 1 1 1 1 2 ( )J D K K T tθ θ θ θ+ + − = 

2 2 1 2 2 2( )D K Jθ θ θ θ− + − = 

2
1 1 1 1 1 2( ) ( ) ( ) ( ) ( )J s s D s s K s K s T sθ θ θ θ+ + − =

2
2 2 2 2 2 1( ) ( ) ( ) ( ) 0J s s D s s K s K sθ θ θ θ+ + − =
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Transfer function
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TRANSFER FUNCTIONS FOR SYSTEMS WITH GEARS
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TRANSFER FUNCTIONS FOR SYSTEMS WITH GEARS
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( )
( )

2

1

s
T s
θ

2M Jθ=∑ 

2
1 2 2 2

1

( )N T t D K J
N

θ θ θ− − = 



TRANSFER FUNCTIONS FOR SYSTEMS WITH GEARS
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( )
( )

2 2 1
2

1

s N N
T s Js Ds K
θ

=
+ +
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1 2 2 2

1

( )N T t J D K
N

θ θ θ= + + 
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1 2 2 2

1

( ) ( ) ( ) ( )N T s Js s Ds s K s
N

θ θ θ= + +

( )22
1 2

1

( ) ( )N T s Js Ds K s
N

θ= + +
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