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Basic Types of Mechanical Systems 

• Translational 

– Linear Motion 

 

 

 

• Rotational 

– Rotational Motion 
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Basic Elements of Translational Mechanical Systems 

Translational Spring 

i) 

Translational Mass 

ii) 

Translational Damper 

iii) 
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Translational Mass 

Translational Mass 

ii) 

• Translational Mass is an inertia 
element. 
 

• A mechanical system without 
mass does not exist.   
 

• If a force F is applied to a mass 
and it is displaced to x meters 
then the relation b/w force and 
displacements is given by 
Newton’s law. 
 

•        F=ma 
 
 
 

M 
)(tF
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Translational Damper 

Translational Damper 

iii) 

• When the viscosity or drag is not 
negligible in a system, we often 
model them with the damping 
force.  
 

• All the materials exhibit the 
property of damping to some 
extent.  
 

• If damping in the system is not 
enough then extra elements (e.g. 
Dashpot) are added to increase 
damping. 
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Common  Uses of Dashpots 

 
 
 

Door Stoppers 
Vehicle Suspension 

Bridge Suspension 
Flyover Suspension 
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Translational Spring 

i) 

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 Spring 
• If F is the applied force  

 

 

• Then        is the deformation if  

 

• Or                        is the deformation. 

 

• The equation of motion is given as 

 

 

• Where      is stiffness of spring expressed in N/m 
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Steps to Obtain the Transfer Function 
of Mechanical System. 

• The mechanical system requires just one differential equation, 
called the equation of motion, to describe it.  

• First, draw a free-body diagram, placing on the body all forces that 
act on the body either in the direction of motion or opposite to it. 

• Second, use Newton’s law to form a differential equation of 
motion by summing the forces and setting the sum equal to zero.  

• Finally, assuming zero initial conditions, we take the Laplace 
transform of the differential equation, separate the variables, and 
arrive at the transfer function. 
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Example-1: Find the transfer function, X(s)/F(s), of the system. 

Free Body Diagram (FBD) 

• First step is to draw the free-body diagram.  
• Place on the mass all forces felt by the mass.  
• We assume the mass is traveling toward the right. Thus, only the applied force points to 

the right; all other forces impede the motion and act to oppose it. Hence, the spring, 
viscous damper, and the force due to acceleration point to the left. 

 
• Second step is to write the differential equation of motion using Newton’s law to sum to 

zero all of the forces shown on the mass. 
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Example-1: Continue. 

• Third step is to take the Laplace transform, assuming zero initial conditions, 

• Finally, solving for the transfer function yields 

Block Diagram 
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Rotational Spring 
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Rotational Damper 
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Rotational Damper 
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Analogous Systems 
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Mass – Spring - Damper 
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F-V Analogy of MSD 

Velocity  to Current 
8/24/2019 



F-V Analogy 

    F(t)=𝐹𝑚 + 𝐹𝑏 + 𝐹𝑘 

F(t)=M
𝑑2𝑥(𝑡)

𝑑𝑡2
+B

𝑑𝑥(𝑡)

𝑑𝑡
+ 𝐾𝑥(𝑡) 

Take LT with Initial conditions 
zero 

F(s)=M𝑠2x(s)+Bsx(s)+kx(s) 

V(t)=Ri(t)+L
𝑑𝑖(𝑡)

𝑑𝑡
+
1

𝐶
 𝑖 𝑡 𝑑𝑡 

Take Laplace 

RI(s)+LsI(s)+
𝐼(𝑠)

𝐶𝑆
 =V(S) 

i(t)=
𝑑𝑞(𝑡)

𝑑𝑡
   I(s)= SQ(s) 

R[SQ(s)]+Ls[SQ(s)]+
SQ(s)
𝐶𝑠

 = V(s) 

V(s)=L 𝑠2Q(s)+RSQ(s)+
𝑄(𝑠)

𝐶
 

Conversion Techniques(F-V) 
Force to Voltage  (F-V) 

Mass to Inductance (M-L) 
Friction to Resistance  (B-R) 

Spring to Reciprocal of Capacitance (K - -
𝟏

𝑪
) 

Displacement to Charge (X-Q) 
Velocity to Current 
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F-I Analogy of MSD 
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F-I Analogy 

Mass-Spring-Damper 

• F(s)=M𝑠2x(s)+Bsx(s)+kx(s) 

 

R-L-C Parallel 

 I = 𝐼𝑅 + 𝐼𝑙 + 𝐼𝑅 

           I(t)=
1

𝐿
 𝑉(𝑡) 𝑑𝑡+

𝑉(𝑡)

𝑅(𝑡)
+C

𝑑𝑉(𝑡)

𝑑𝑡
 

Take LT with initial conditions Zero 

           I(S)= 
𝑉(𝑠)

𝑆𝐿
 +
𝑉(𝑠)

𝑅(𝑠)
+CsV(s) 

WKT v(t) = 
𝑑Φ

𝑑𝑡
  → V(s)=SΦ(s) 

 I(S)= 
SΦ(s) 
𝑆𝐿

 +
SΦ(s) 
𝑅(𝑠)

+Cs[SΦ(s)] 

I(s)=𝑪𝑺𝟐 Φ(s) +
SΦ(s) 
𝑹(𝒔)

+ 
Φ(s) 
𝑳

 

Conversion Techniques(F-I) 
 

Force to Current  (F-I) 
Mass to Capacitance (M-C) 

Friction to Mho (B- 
𝟏

𝑹
) 

Stiffness to Reci.Procal of L  (K- 
𝟏

𝑳
) 

Displacment to Mag.Flux  (X- Φ) 
Velocity to Voltage 

8/24/2019 



8/24/2019 



Transfer Function of Mechanical 
(Translational)System
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