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1) Single DOF system vibration. (5 marks) 
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Express the amplification factor X, of a forced damped vibration of a 1-DOF system (No derivation required). 
(a) Suppose the peak magnitudes of the maximum X (in Fig 1) for various damping ratios ~ are joined 

together. What is the equation of the locus (bold dashed line)? A= tuning factor. 3 marks 

(b) What is the tuning factor for which X is always:::; 1, irrespective of the damping ratio~- 2 marks 
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Fig. 1 :Amplification factor vs. Tuning factor for 1DOF system. 
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2) Multi DOF system vibration. (5 marks) 
Diagonalize the matrix given above. Calculate the Eigen Values and the Eigen vectors. 

3) Plate Vibration. (5 marks) 

5 marks 

(a) Starting with the governing differential equation of Kirchhoff's plate vibration, and using modal 

superposition, how is the plate modeshape expressed in terms of the beam modeshapes? 1 mark 

(b) What are the boundary conditions of vibration of the following plates? Mark 'C' for clamped, 'S' for 
simply supported, 'F' for free. 4 marks 

(i) Propeller blade, (ii) Rudder, (iii) Watertight bulkhead, (iv) Floating airport. 

4) Propeller-induced vibration. (5 marks) 
In the hull-resonance diagram, choose the number of blades for a shaft rpm of 180, given the hull girder 
natural frequencies are as follows : the vertical mode vibration frequencies are 0.25nn and horizontal mode, 
vibration frequencies are 0.75nn, n = 1,2,3,.... 5 marks 

5) Wet Vibrations. (4 marks) 
What is the ratio of the dry to wet natural frequencies of a sphere of radius R, which is 10 times heavier than 
water. The spring constant remains the same. 4 marks 

6) Random Vibrations. (20 marks) 
(a) Express the following function as a Fourier Series. 7 marks 

Function f(x) = 2x; -1 < x < 1; period p = 2L = 2. 
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(b) A random process has a constant spectral density ofS(f) = 0.5 mm2/cps within the range 50-1500 cps. The 

·value S(f) beyond this range is zero. Find the RMS value ofthe process. The mean value ofthe process-is 

250 mm. What is the std. deviation? 4 marks 
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(c) A 1-DOF system is excited by a random forcing, expressed as m x+ c x+ kx = F(t) = L F0 (n) cos(0.5nmn )t 

The excitation spectrum is given as F0 (n)=5-n. The natural frequency is mn and the damping is 10%. 

Draw the excitation spectrum. Generate the response spectrum. What is the RMS response? 9 marks 

7) Non-Linear Vibrations. (15 marks) 
(a) Solve the non-linear equation of a quadratic spring vibration by the perturbation method: 

~+ru~x +.uxl~l = 0. The linear G~E is ~+mgx = 0. Put x=x0 +,ux1 and m2 =m~ +pa1• The initial 
. 

conditions are : x(O) =A; x(O) = 0. A void resonance. Find the final expression for x(t) and the frequency of 

non-linear vibration. Here, m~ =kIm. 10 marks .. 
(b) The non-D form of the non-linear equation governing differential equation. of pendulum is 0+; sine= 0. 

perive the general equation for the plane by integrating with respect to e. Find the constant of integration . 
from initial conditions of e = 1,0 = 0. What is the maximum amplitude of the pendulum swing? 5 marks 

8) Beam vibration: additional comp~ex~ties. (21 marks) 
Consider a beam of length L, mass per unit length m, Flexural rigidity EI. 
(a) How do stiffeners change the neutral axis, section modulus, natural frequency, strength-to-weight ratio of 

a beam? 3 marks 

(b) Express (mathematically) the four boundary conditions of the beam with intermediate fixities, restrained 
from rigid body motion. The end conditions are modeled as torsional springs of constant· K. 4 marks 

(c) Express (mathematically) the four boundary conditions of a beam (m, L, EI) elastically supported at the 

two ends on vertical springs of spring constant K. 4 marks 

(d) How does axial tension in beam vibration change its natural frequencies and modeshapes. 2 marks 

(e) Consider a CSF beam. Consider the general expression for CS and SF beam modeshape, both of which 
have a unique frequency parameter ~ for a given modeshape of the composite beam. There are eight 
unknowns (4x2). Th~y can be calculated by the 4 boundary conditions at C and Fends, and 4 conditions 
at the S support. Frame the system of equations, needed to calculate the frequency parameter. 8 marks 

2 




