
14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

 

1 | M C o d e 5 9 0 7 7   ( S 2 ) - 1 0 6 6  

Roll No.                         Total No. of Pages : 03 
Total No. of Questions : 09 

B.Tech.(ME)   (Sem.–7,8) 
MECHANICAL VIBRATIONS  

Subject Code : ME-408 
Paper ID : [A0841] 

Time : 3 Hrs.                                                                      Max. Marks : 60 

INSTRUCTION TO CANDIDATES : 
 1. SECTION-A is COMPULSORY consisting of TEN questions carrying TWO marks 

each. 
 2. SECTION-B contains FIVE questions carrying FIVE marks each and students 

have to attempt any FOUR questions. 
 3. SECTION-C contains THREE questions carrying TEN marks each and students 

have to attempt any TWO questions. 
    

SECTION-A 

 Q1. Write briefly : 

  (a) If the motion of a particle is represented by x = Asin(t); determine its velocity at 

time, t = 2s, given A = 2mm and  = 5 rad/s. 

  (b) Calculate the number of samples (2k) that will be recorded per cycle of a 100 Hz 

periodic signal by a 40 kHz data recorder. 

  (c) Represent the vector 21
i

V e


  in rectangular form. 

  (d) Given x1 = 2sin(5t) and x2 = 2sin(5t + /2); Determine analytically the phase-angle  

 of the resultant, xR with the first SHM x1. 

  (e) For a vehicle of mass 100kg, determine the critical damping coefficient, cc of the 

suspension system, if it undergoes static deflection of 98mm under its dead weight. 

  (f) The damped natural frequency of a system is 9.8Hz, while the maximum amplitude 

occurs at an exciting frequency of 9.6 Hz., find the damping factor and the undamped 

natural frequency. 

br
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  (g) State the design criteria for acceleration measuring instruments. 

  (h) Determine actual displacement, Y of a machine operating at 1200 rpm, if a 

vibromater having natural frequency, n = 5Hz placed on the machine shows a 

relative displacement, Z = 0.04mm. Assume damping ratio,  = 0 for vibrometer. 

  (i) Neglecting  friction  and  inertia  forces, determine all nine (flexibility) influence        

coefficients for the system shown in figure.  

 

  (j) Determine the lowest natural frequency of a system by Dunkerley’s method, if its 

component frequencies are 10, 15 and 22 Hz. 

 

SECTION-B 

 Q2 A mass, m = 1000 kg is supported on a suspension of stiffness, k = 100 kN/m and 

damping coefficient, c = 4 kN/m/s. If the mass is given an initial displacement,  

X0 = 0.1m, determine the residual amplitude of free damped oscillations after two  

cycles (X2). 

 Q3 Determine the mass M to be placed at the end of the reeds of a Fraham’s tachometer so as 

to get a frequency of 30 Hz (188 rad/s); given : Length of reed, L = 50mm; width,  

w = 5mm; thickness, t = 0.5mm; E = 19.6 ×1010N/m2. 

 Q4 Determine actual displacement, Y of a machine operating at 1200 rpm, if vibrometer 

having n = 5Hz shows relative amplitude, Z = 0.04mm.  

 Q5  A shaft of 40mm diameter and length, L = 4m carries three discs, A, B and C of 2kg each, 

mounted at a distance of Li = 1, 2 and 3 m from the left end. Find the lowest frequency of 

vibration by Dunkerley’s method. Given, E = 1.96×1011 N/m2 and deflection, 
2 2( ) ( )

3
i i i

i
m g L L Ly

EIL


 for simply supported shaft. 

br
pa

pe
r.c

om

br
pa

pe
r.c

om

http://www.brpaper.com


14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320

14320
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 Q6  A disc of mass 2 kg is mounted in the middle of a light-weight steel shaft  

(E = 1.96×1011N/m2) of 15mm diameter and 1200 mm length. Due to the presence of 

some blow-holes in the material, the centre of gravity of the disc is displaced by e = 0.25 

mm from the geometric centre of the shaft. Neglecting damping, determine the steady-

state deflection, y in the shaft when it is operating at 1000 rpm. 

 

SECTION - C 

 Q7 Using analytical method, determine the harmonics of the saw-tooth wave function given 

by : f(t) = 2t for 0 < t < 0.2  

 Q8 State and prove Maxwell’s reciprocal theorem.  

 Q9 For a displacement measuring instrument, natural frequency is 5Hz and damping factor  

 = 0.4. Determine the lowest frequency beyond which amplitude measurements (Z/Y) 

can be made with less than 1% error. Show your result graphically. 
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