EN40: Dynamics and Vibrations

Homework 5: Vibrations
Due Friday March 23, 2018

School of Engineering
Brown University

1. The figure (from this publication) shows a vibration 04
measurement from a vibration isolation system. Use the i
figure to estimate | © measured data

1.1 The amplitude of the acceleration

al i ng)

1.2 The period of the vibration

1.3 The frequency (in Hertz) and angular frequency (in
rad/s)
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1.4 The amplitude of the velocity is)

1.5 The amplitude of the displacement

2. Find the number of degrees of freedom and vibration modes for each of the systems shown in the
figures
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http://www.sciencedirect.com/science/article/pii/S0022460X12003860
https://research-information.bristol.ac.uk/files/93354292/JPCS_744_1_012044.pdf
https://research-information.bristol.ac.uk/files/93354292/JPCS_744_1_012044.pdf
http://medicaldevices.asmedigitalcollection.asme.org/article.aspx?articleid=2398339%20https://research-information.bristol.ac.uk/files/93354292/JPCS_744_1_012044.pdf
http://medicaldevices.asmedigitalcollection.asme.org/article.aspx?articleid=2398339%20https://research-information.bristol.ac.uk/files/93354292/JPCS_744_1_012044.pdf
http://medicaldevices.asmedigitalcollection.asme.org/article.aspx?articleid=2398339%20https://research-information.bristol.ac.uk/files/93354292/JPCS_744_1_012044.pdf
http://medicaldevices.asmedigitalcollection.asme.org/article.aspx?articleid=2398339%20https://research-information.bristol.ac.uk/files/93354292/JPCS_744_1_012044.pdf

2 (continued) . Find the number of degrees of freedom and vibration modes for each of the systems
shown in the figures
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3. Solve the following differential equations
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4. Find formulas for the natural frequency of vibration for the systems shown in the figure



http://www.sciencedirect.com/science/article/pii/S0094114X16301082
http://www.sciencedirect.com/science/article/pii/S0094114X16301082
https://www.centeronaddiction.org/addiction/commonly-used-illegal-drugs

5. The figure shows a design for an “anti-resonant’ vibration isolation system (see here for the patent; this
reference analyzes the system in detail).

5.1 Find formulas for the kinetic and potential energy of the system (neglect gravity) in terms of ¢ and
other relevant variables.

5.2 Find the equation of motion for the angle &

5.3 Hence, calculate a formula for its natural frequency.
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6. When the two masses shown in the figure o—i]—o o—1]—0
are un-coupled, systems A and B have natural
frequency and damping factor m m
Car@na $B.@nB Ky Ke
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If the two masses are connected together, what
are the natural frequency and damping factor
of the new system?
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https://www.google.com/patents/US3322379
https://www.researchgate.net/publication/222371191_Analysis_and_design_of_passive_low-pass_filter-type_vibration_isolators_considering_stiffness_and_mass_limitations
https://www.researchgate.net/publication/222371191_Analysis_and_design_of_passive_low-pass_filter-type_vibration_isolators_considering_stiffness_and_mass_limitations

mass system (this high-speed movie might help visualize the impact)

7. The impact of a baseball with a flat rigid wall is idealized as a spring- [F
i
F

7.1 Assume that the center of the ball (i.e. the mass) is at position x=0
and has velocity dx/dt=vy just before impact. ~ Write down an
equation for the displacement x(t) and velocity v(t) of the center of the
ball (represented by the mass in the figure) during the impact, in terms
of the natural frequency @, and damping factor ¢ for the system (use
the solution for the value of £ that you think makes most sense, based
on the behavior you see in the video).

7.2 In a homework problem from 2017, the class estimated the stiffness,
damping coefficient and mass of the baseball as m=0.145kg,
k=894MN /m c=364Ns/m. Estimate the maximum value of x during the
impact. Assume an impact velocity of 50 m/s.



https://www.youtube.com/watch?v=3Iadne_ye88
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