
Homework

To have your homework corrected, please hand it on Thursday, March 21st.

1 Initial Conditions
Asingledegreeof freedomsystemhasmass𝑚 = 42kg, stiffness𝑘 = 32 kNm 1

and damping ratio 𝜁 = 2.7%.
At 𝑡 = 0 the system is not in equilibrium, with 𝑥 = 200mm and �̇� =

−800mms 1, and is loaded by a dynamic load 𝑃(𝑡) = 𝑃 𝑒𝑥𝑝(−𝑎𝑡) with 𝑃 =
700N and 𝑎 = 1.3 s 1.

1. Write the expression of the system response, 𝑥(𝑡) for 𝑡 ≥ 0.
2. Write the irst time derivative of the response, �̇�(𝑡).
3. Plot the de lections of the system in the time interval 0 ≤ 𝑡 < 2 s aswell

as the static de lections, i.e., 𝑃(𝑡)/𝑘.

2 Rayleigh Quotient

The system in igure is composed of a rigid bar and two springs. The rigid
bar is non uniform, its unit mass 𝜇(𝜂) = (2 − 𝜂)𝜇 , where 0 ≤ 𝜂 ≤ 1 is a
non-dimensional coordinate.

1. Verify that the total mass of the bar is / 𝜇 𝐿.
2. Using the free coordinates shown in igure (or 𝑥 ≡ 𝑥 , 𝛿 = 𝑥 − 𝑥 )

compute an approximate value of the smallest eigenvalue of the system.
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3 Structural Testing
A structure that can be analyzed as a SDOF system was subjected to a static
load, 𝑃 = 48 kN, the resulting static displacement being 𝑥 = 12mm. The
load was suddenly removed and the successive maxima of the free vibrations
response were recorded: 𝑥 = 11.41mm, 𝑥 = 10.85mm, 𝑥 = 10.32mm
and 𝑥 = 9.81mm, but due to an error the times of occurrence of the maxima
were not recorded.

Which structural parameters can you derive from these results? What are
their values?

4 Vibration Isolation
A machine, its mass 𝑀 = 18000 kg, when it is operated starting from rest
transmits to its rigid supports an unbalanced force

𝑝(𝑡) = 𝑝
𝜔 �̇� (𝑡) 𝑠𝑖𝑛 𝜙(𝑡) − �̈�(𝑡) 𝑐𝑜𝑠 𝜙(𝑡)

where 𝜙 is the phase angle describing the unbalanced mass position, with

𝜙(𝑡) = 𝜔 𝑡
− 0 ≤ 𝑡 ≤ 𝑡

− 𝑡 > 𝑡

where 𝑝 = 1000N, 𝑡 = 6 s and 𝜔 = 2𝜋 × 10 rad s 1.

1. Plot the phase angle 𝜙(𝑡), the angular velocity �̇�(𝑡), the angular accel-
eration �̈�(𝑡) and the unbalanced force 𝑝(𝑡) in the time interval 0 ≤ 𝑡 ≤
8 s.

2. Design two suspension systems, with the two assigned values of the
damping ratio: 𝜁 = 0.01 and 𝜁 = 0.12, so that the transmitted force
at steady-state is 𝑓s-s ≤ 300N.

3. Using the Linear Acceleration algorithm, with a time step ℎ = 8ms,
determine the peak values of the instantaneous force 𝑓(𝑡) transmitted
to the support during the transient, plot the transmitted force in the
interval 0 ≤ 𝑡 ≤ 10 s and discuss your results.
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