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PART - A (5x 2 = 10 Marks) 
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. 

What are the causes of vibrations? 

1) Unbalanced forces in the machine: Produced within the machine itself.  

2) Dry friction between the two-mating surface: Self-excited vibration produced. 3) 

External excitations: These excitations may be periodic, random or the nature of an impact 

produced external to the vibrating system. 

 4) Earthquakes: These are responsible for the failure of many buildings, dams.  

5) Winds: These are cause the vibration of transmission and telephone line under certain 

conditions 
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. 

Define critical speed of a shaft. Why is critical speed encountered? 

The speed at which resonance occurs is called critical speed of the shaft. In other words, 

the speed at which the shaft runs so that the additional deflection of the shaft from the axis 

of rotation becomes infinite is known as critical speed. The critical speed may occur due to 

one or more of the following reasons:  

1) Eccentric mountings like gears, flywheels, pulleys, etc., 2) Bending of the shaft due to 

self-weight 3) Non-uniform distribution of rotor material, etc. 

C

O

1 

Re

m 

3

. 

Write about the terms: free vibrations, forced vibrations and damped vibrations. 

Free or natural vibrations: When no external force acts on the body, after giving it an 

initial displacement, then the body is said to be under free or natural vibrations. Forced 

vibrations: When the body vibrates under the influence of external force, then the body is 

said to be under forced vibrations. Damped vibrations: When there is a reduction in 

amplitude over every cycle of vibration, then the motion is said to be damped vibration. 

C

O

1 

App 

4

. 

Write about Rayleigh’s method of finding the natural frequency of transverse vibrations. 

Ans: Consider a shaft is loaded with point loads W1, W2, W3 and W4 etc. and y1, y2, y3, 

y4 etc. be total deflection made under these loads. According to Rayleigh’s method, the 

maximum potential energy is equal to maximum kinetic energy. ½ Σ m g y = ½ 𝜔 2 Σ m𝑦 2 

C

O

2 

App 

       

B 



2 
 

; ω = √ 𝑔 𝛴 𝑚𝑦 /𝛴 𝑚 𝑦2 Natural frequency of transverse vibration, 𝑓𝑛 = 𝜔 2𝜋 = 1 /2𝜋 √ 𝑔 

𝛴 𝑚𝑦 𝛴 𝑚 𝑦2 

5

. 

Why is it important to find the natural frequency of a vibrating system? 

When the frequency of externally excited system equal to natural frequency of vibration 

system it gets failure due to resonance. So, to avoid the resonance at vibrating system 

natural frequency must be known. 
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. 

a Describe with relevant sketches, the equilibrium method to find the natural 

frequency of free longitudinal vibrations. 
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  (or)    

 b Find the frequency of transverse vibrations of a shaft which is simply supported at 

the ends and is of 40 mm in diameter. The length of the shaft is 5 m. The shaft 

carries three, point loads of masses 15 kg, 35 kg, and 22.5 kg at 1m, 2m and 3.4m 

respectively from the left support. The Young’s modulus for the material of the 

shaft is 200 GN/m2. The weight of the shaft is 18.394N per meter length. 
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. 

a A single degree of freedom spring mass damper has a mass of 60kg and spring 

stiffness of 6000N/m. Determine the following (i)Critical damping coefficient (ii) 

Damped natural frequency when c=800Ns/m (iii)Logarithmic decrement 
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 b Derive the Differential Equation of free damped vibrations 
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a Derive the length of torsionally equivalent shaft. 1
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  (or)    

 b Write an equation about logarithmic decrement equation of free damped vibrations. 
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