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Code No : 37148 JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD IV.B.TECH - I SEMESTER REGULAR EXAMINATIONS NOV/DEC, 2009 THEORY OF VIBRATIONS AND AEROELASTICITY (AERONAUTICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --1. a)



Determine the natural frequency of the spring-mass-pulley system shown in the figure. b) Prove that acceleration is proportional to displacement in SHM. [8+8]
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2. a) Develop the characteristic equation for damped vibration and provide the solution b) A vibrating system in a vehicle is to designed with the following parameters. K = 100N/m, C = 2 N sec/m, m = 1 kg Calculate the decrease of amplitude from its starting value after ‘3’ complete oscillations. Also calculate the frequency of damped oscillations. [8+8]



Aj



3. Two masses are connected by equal length strings as shown. Determine the two natural frequencies and mode shapes, assuming uniform tension in all the strings. [16]
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4.



A Rotor of a turbo super charger weighing 9 kg is keyed to the centre of a 25 mm diameter steel shaft 40 cm between bearings. Determine a) The critical speed of shaft b) The amplitude of vibration of the rotor at a speed of 3200 RPM, if the eccentricity is 0.015 mm c) The vibratory force transmitted to the bearing at this speed. Assume the shaft to be simply supported and the shaft material has density of 8000 kg / m3 . E = 2.1 × 10N/ mm 2 . [16]
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Determine the torsional vibrations and mode shapes for the torsional system shown in figure. [16] 5. a) Derive the governing equation for the continuous longitudinal vibrations of a prismatic bar. b) Determine the frequency of vibrations of a prismatic bar with both ends free. [8+8]
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E =1.96 × 1011 N / m 2 I = 6 ×10−7 m 4 Determine the lowest natural frequency of vibration of the system shown in the figure using Rayleigh’s method. [16]



8.



a) What is Collar’s triangle? b) Explain the concept of flutter in aircraft wings. *****
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Code No : 37148 JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD IV.B.TECH - I SEMESTER REGULAR EXAMINATIONS NOV/DEC, 2009 THEORY OF VIBRATIONS AND AEROELASTICITY (AERONAUTICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks ---
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1. a)
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For small oscillations, determine the frequency of oscillation. b) Explain the difference between energy method and Rayleigh’s method.



[8+8]
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2. An electric motor is supported on a spring and a dash pot. The spring has the stiffness 6400 N and the dashpot offers resistance of 500 N at 4 m . The unbalanced mass 0.5 kg m s rotates at 5 cm radius and total mass of vibrating system is 25 kg. The motor runs at 420 RPM . Determine i) Damping factor ii) Amplitude of vibration iii) Phase angle iv) Resonant speed v) Forces exerted by the spring and dash pot on the rotor. [16]



3. a) Write the Lagrange’s Equation in its fundamental form for generalized coordinates.
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b)



Determine the natural frequency of vibration of the system shown in the figure Lagrange’s equation. [4+12]
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4. An aerofoil wing in its first bending and torsional modes is shown. Write the equations of motion for the system and obtain two natural frequencies. M = 10kg , I = 0.5 kg m 2 K = 20 × 103 N / m , K t = 1.2 × 103 Nm / radian a = 0.2 m
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[16]



Derive the general equation for transverse vibration of beams and provide the solution. [16]



6.



A rotor of mass 12 kg is mounted in the middle of 25 mm diameter shaft supported two bearing placed at 900 mm from each other. The rotor is having 0.02 mm eccentricity. If the system rotates at 3000 RPM, determine the amplitude of steady state vibrations and the dynamic force on the bearings. E = 2 ×105 N / mm 2 Derive the equations used. [16]



Aj



nt



5.



7.



The vibrations of a cantilever are given by πx⎞ ⎛ y = A ⎜ 1 − cos ⎟ . Calculate the frequency of vibration using Rayleigh’s method 2l ⎠ ⎝ Mass = 50000 kg , l = 30 m , I = 0.02 m 4 E = 2 ×1011 N / m 2 . [16]
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8. Explain wing torsional divergence for 2D wing. Show that, the divergence speed, 2K Vd = K-Torsional stiffness, δ CL ρ sec
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[16]
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‘ec’ distance of aerodynamic centre forward of flexural centre.



5



SET-3



R05



uW



or ld



.in



Code No : 37148 JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD IV.B.TECH - I SEMESTER REGULAR EXAMINATIONS NOV/DEC, 2009 THEORY OF VIBRATIONS AND AEROELASTICITY (AERONAUTICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --1. a) Determine the torsional vibrations of the disc connected to a shaft as shown in figure below.



b) For the pendulum show in the figure above, pivoted at point ‘O’ if the mass of the rod is neglected, find the damped natural frequency of the pendulum. [6+10]
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2. a) Derive the equation for amplitude of forced vibration with damping b) Draw the characteristic curves for the following cases i) Amplitude ratio versus frequency ratio for various damping ratios. ii) Phase angle versus frequency ratio for various damping ratios.
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Determine the natural frequency of the system shown.
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Electrical Motor – generator set is shown in the figure. Determine the natural frequencies and amplitude ratios of principal modes. [16] 5. a) Derive the Wave propagation equation for longitudinal vibration of bars of continuous system. b) Determine the natural frequency of bar when both the ends are fixed. [8+8]
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6. a) What are the various reasons for whirling of a shaft. b) Derive the equation for a lateral deflection of a shaft due to the mounting of a disc with eccentricity ‘e’ when running at uniform speed. [8+8] 2



⎛ ∂2 y ⎞ ⎜ 2 ⎟ dx EI O∫ ⎝ ∂x ⎠ 2 by Rayleigh’s Energy method for the transverse vibration of 7. Prove that w = l m 2 ∫ y dx



Aj



L



o



a beam m – Mass of the beam, E – Young’s modulus, I – Moment of Inertia.



[16]



8. What is flutter instability in aircraft wings? Describe briefly the objective and approach of the classical flutter analysis. [16] ***** 7
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Code No : 37148 JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD IV.B.TECH - I SEMESTER REGULAR EXAMINATIONS NOV/DEC, 2009 THEORY OF VIBRATIONS AND AEROELASTICITY (AERONAUTICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --1. a) What are the components of viscous damped vibrations? b)



Derive the equation of motion for the system above and determine the damping coefficient under critical damping. [6+10] 2. a) Derive the amplitude equation for a rotating unbalanced mass when the unbalanced mass, m0 is rotating at eccentricity of ‘e’ in a machine of mass ‘M’ with an angular velocity ‘ ω ’
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rad s econds . b) Prove that the amplitude at resonance for the above situation as me Aresonance = 0 2M ξ where ξ is the damping ratio. Also draw the characteristic curve for amplitude versus frequency ratio for various ‘ ξ ’ values. [10+6]
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Consider two pendulums of length L shown. Determine the natural frequency of vibration for the given data K = 100 N m , m1 = 2 kg , m2 = 5 kg , L = 0.2 m , a = 0.1m. [16]



or ld



.in



4.



Determine the natural frequency of vibration for the system shown. Assume there is no slip between the cord and cylinder. [16] 5. a) Determine the governing equation for continuous torsional vibrations of a uniform shaft b) Develop the solution equation for the above case and give different end conditions possible. [8+8]
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Two discs of eccentricities e1 and e2 are mounted as shown in the figure. Determine the critical speed. [16]



Aj



7. a) Explain the Dunkerley’s method of determining the frequency transverse vibrations frequency when a system is subjected to multiple point loads.



9



.in
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Determine the natural frequency of vibration for the above system using Dunkerley’s method. [6+10] 8. a) Explain collar’s using triangle b) Explain aileron effectiveness and reversed.
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