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Mechanical Systems Dynamics 2019 - Prof, E. Bonisoli - Giovanni Sobrero’s Schemes

Mechanical Systems Dynamics

Enpfish - itatian
Professor: Elvio Bonisoli
Giovanni Sobrero’s Schemes

A.A. 2019 - 2020 (6 cfu)

Program

= vibrations of damped sdof systems [6 h]
* harmonic response (approach based on complex numbers)
e examples: accelerometer, seismometer, ...
e transmissibility
* non periodic inputs (step, impulse, convolution)

= vibrations of mdof systems with proportional viscous damping [12 h]
* equation of motion (matrix approach)
* eigenvalues and eigenvectors
* orthogonality of modes
* modal analysis

= elements of analytical dynamiics [4.5 h]
* energy, work and equation of energy
* principle of virtual work
*  Hamilton's principle
* Lagrange’s equations
* examples

= vibrations of continuous systems (distributed parameters) [9 h]
* wave equation: transverse oscillations of strings, axial and torsional oscillations of

beams

* bending vibrations of beams (Euler-Bernoulli)
* gpproximate methods (Rayleigh)
*  examples

= dynamics of rotors [7.5 h]
s Jeffcott’s rotor
* stability analysis (Campbell’s diagrams)
* influence of bearing flexibility

Tutorial teaching
practical lectures are devoted to develop and complete the topics presented during the
course

Exam

written test only

References
Meirovitch L., Fundamentals of Vibrations, Mc Graw Hill
Vigliani A,, Lectures on Rotordynamics, Clut
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Tutorial teaching

= sdof systems
o torsional oscillations of shafts with different diameters and 1 disk
* beat phenomenon
s response in resonance {convolution integral)

= mdof systems
* shaft with 2 disks
* shaft of different sections with 2 disks
* 2 shafts, 2 disks and gearing (gears with no inertia)
* 2 masses, 3 springs (response to initial excitation)
« 2 masses, 3 springs, 3 dampers (response to external excitation)
* dynamic absorber (impedance, receptance and anti-resonance)
* longitudinal vehicle model (2 dof - damped oscillations)
* 2 shafts, 2 disks and gearing with inertia (3 dof)
* Matlab examples

= apalytical dynamics
* vehicle model (4 dof - Lagrange’s equations)
* mass and rigid ring (gyroscopic effects and circulatory forces)

= distributed parameters systems
= rotordynamics

About the Exam:

Achieved learning outcomes will be assessed by means of a final exam. This is based on an analytical
assessment of student achievement of the “expected learning outcomes” described above. In order to
properly assess such achievement, the examination consists of a written test only, lasting 1 h and 30 min
indicatively, with closed book and composed of three questions: the first is an exercise similar to those
proposed during the tutorial; the second is focused on one of the topics seen during the lectures; with the
third the students are required to apply the methodologies explained in the subject to some new
application or machine. The exam aims at evaluating the ability of the students to model the dynamic
behavior of mechanical systems, starting from the model definition and ending with the system analysis. In
particular, the first part of the test assesses the ability to apply knowledge, while the second and third parts
aim at assessing knowledge, communication skills and ability to use tools and method taught in the lectures
for solving problems not directly proposed in the class hours.

Grading criteria:

The maximum obtainable mark is 30/30 with merit (cum laude). Each answer to the three questions usually
is evaluated from 0 to a maximum of 10 or 11 points, for a total of 32 available points. During the semester,
students are given an example of the final test, with discussion of the solution and hints on common errors
and evaluation criteria. A few days after the written test, students are summoned for a review of the written
output, in which examiners inform the students on grading criteria, and receive any student appeal supported
by appropriate explanations. Computers, mobiles, electronic devices and any printed documentation are not
allowed.
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MULTIPLE CHOICE (2 poluts)

Which of the following answers represents the unique correct definition of a generic eigenfinction ¢,(x) of a
torsional problem with generic boundary conditions?

@ #(x)= Asm[m‘/_ ]+Bcos[(a ]
b) @(¥)=4 sin[ro,\/%_) x ]+ B cos(m ]
) qﬁ,(.\')zdsin(ru\/g ]+BCO€[(U\/— J+C‘smh[ ‘/:\]+Dcosh[m,\/§—-.\'l
d) ¢(x)=d sin(w,‘/E .\']+ B cos[m,JZ .\']+ Csinh[ m,\/E .\']+ D cosh{m,Jz .\']

G G G VG

e(’om ‘“n-u'nr . ‘rmuuﬂ- cow‘*'ownnu; A!J'l'u..:
by o PAE ¥ ordar
» Suly S and s Tesigs
0 ¢ isr Ao shear wodilus (PRI = T b Tofebe beltansnr
* 8 ir e Yoo wedules (A) 0 o anied Likaviowr
s in @, FBY of elemetagy pice , wae gradien, &, ...

ol*:

MULTIPLE CHOICE (3 points)
The natwral frequencies of two DOFs torsional system are 9 Hz and 15 Hz. The driving torque is supplied by a

reciprocating fonr-strokes three-cylinders internat combustion engine. Considering only the first two harmonics.
which are the two highest critical speeds 7, [rpm] of the system?

a) 1350 and 1620 e“"‘ \ﬂ.un{
b) 300 and 600
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SINGLE DEGREE OF FREEDOM (11 points)

The SDOF system sketched in the figure is composed of
a homog crane bar C ( Il length L =3/, mass
m. and barycentric mass moment of inertia
Io=mI*]12) and a lumped mass M (negligible mass
moment of inertia). The system is hinged in O and linked
to the ground at 4 by a spring with stiffness k£ A
harmonic force I = F, & is applied in B in the shown
direction. The system is placed on a horizontal plane
(weight does not have to be considered).

The absolute reference system x,y, § describes the
motion and the rotation of the bar C with respect to the
shown configuration with o = 30°.
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5) Assuming that the spring has a hysteretic behaviour. hence its stiffuess is now complex with a value
k(1+in) where r;=«/§ is the loss factor. derive the steady-state response (modulus 9, and phase @)

for o=0,. L oote : undirdawped case for oty <L
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MULTI DEGREE OF FREEDOM (11 points)

The system in figure is made up of: a rigid bar B, hinged
in Oy, having length L, mass m and mass moment of
inertia Ig; a massless pulley + drum device P, hinged in
Oy; a lumped mass M, which slides without friction on a
horizontal surface.

A rigid rope is wrapped around the pulley of radius »,
and connects the rigid bar to the fixed frame, through a
spring having stiffness k). No slippage occurs between
the rope and the pulley.

A rope of stiffness k, connects the drum of radivs r,
with the lumped mass M.

The absolute reference systems x, 9, and 9, describe the
horizontal displacement of the mass M, the rotation of
the rigid bar B, and the rotation of the pulley + drum
device P, respectively.

The system is placed on a horizontal plane (weight does
not have to be considered).

1) Draw the free-body diagrams of: the bar B: the pulley + dram device P; the mhss M. Consider small
vibrations about the shown configuration.
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