
ADMISSION AND ACCOMMODATION
The course is offered in a hybrid format giving the possibility to attend the 
course also by remote (on Microsoft Teams platform). On-site places are 
limited and assigned on first come first served basis. 
The registration fees are: 

-  On-site participation, 600.00 Euro + VAT*
This fee includes a complimentary bag, five fixed menu buffet lunches, hot 
beverages, downloadable lecture notes.
Deadline for on-site application is May 27, 2022.

-  Online participation, 250.00 Euro + VAT*
This fee includes downloadable lecture notes.
Deadline for online application is June 15, 2022. 

Application forms should be sent on-line through the following web site: 
http://www.cism.it
A message of confirmation will be sent to accepted participants.

Upon request a limited number of on-site participants can be accommodated 
at CISM Guest House at the price of 30 Euro per person/night (mail to: 
foresteria@cism.it).

 * where applicable (bank charges are not included)
Italian VAT is 22%.

CANCELLATION POLICY
Applicants may cancel their registration and receive a full refund by notifying 
CISM Secretariat in writing (by email) no later than: 
- May 27, 2022 for on-site participants (no refund after the deadline); 
- June 15, 2022 for online participants (no refund after the deadline).
Cancellation requests received after these deadlines will be charged a 50.00 
Euro handling fee. Incorrect payments are subject to Euro 50,00 handling fee.

GRANTS
A limited number of participants from universities and research centres 
who are not supported by their own institutions can request the waive of 
the registration fee and/or free lodging.
Requests should be sent to CISM Secretariat by April 27, 2022 along with 
the applicant's curriculum and a letter of recommendation by the head of the 
department or a supervisor confirming that the institute cannot provide fund-
ing. Preference will be given to applicants from countries that sponsor CISM.

For further information please contact:
CISM
Palazzo del Torso - Piazza Garibaldi 18 - 33100 Udine (Italy)
tel. +39 0432 248511 (6 lines)
e-mail: cism@cism.it  |  www.cism.it

Udine  June 27 - July 1 2022

CISM-AIMETA Advanced School
coordinated by

Oleg V. Gendelman
Technion, Haifa, Israel

Alexander F. Vakakis
University of Illinois, Urbana, USA
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In engineering and related fields, 
linearity or weak nonlinearity are 
typically assumed. These ap-
proaches require linear generating 
solutions for averaging or mul-
ti-scale asymptotics to be applied. 
Still, strong or even non-lineariza-
ble stiffness or damping nonline-
arities occur often in engineering 
practice, e.g., due to clearances, 
impacts, friction, material composi-
tion, or geometry/kinematics, with 
nonlinear responses often having 
no analogs in linear or weakly 
nonlinear theory. Yet, ever-accel-
erating needs for lighter, faster, 
compact, robust, and high-per-
forming engineering systems, set 
heavy demands for continuously 
expanding performance envelops 
under harsh, uncertain and poorly 
predictable environments. These 
needs cannot be addressed by 
current approaches, and this 
calls for a new paradigm-shifting 

concept based on the exploitation 
of strong nonlinearity to open new 
unprecedented paths for effective 
and robust design in ways here-
tofore unattainable in traditional 
settings.

In the last two decades exploita-
tion of strong nonlinearity has 
been actively explored in fields 
such as energy absorption and 
harvesting, wave propagation, 
modulation and arrest, blast and 
seismic mitigation, micro- and 
nano-resonators, fluid-struc-
ture interactions, and acoustic 
metamaterial design. However, 
predictive analysis of strongly 
nonlinear systems is still a major 
challenge, as, apart from rare cas-
es of integrability, exact or even 
approximate solutions are missing. 
Some methods exist for stationary 
solutions, e.g., nonlinear normal 
modes and discrete breathers, but 
nonstationary processes are more 

difficult to model and understand; 
yet, in many applications such 
processes are highly important. As 
such, the idea of exploiting strong 
nonlinearity in dynamical and 
acoustical systems has transi-
tioned from a few early theoretical 
works to a diverse theoretical 
and experimental body of current 
research, and the field now 
seems mature enough to warrant 
an advanced CISM course. The 
need for such a course is further 
underscored by the fact that 
accounting for, understanding of, 
and designing with nonlinearities 
is becoming an emerging univer-
sal trend in engineering practice, 
and is predicted to be even more 
so in the future. Accordingly, the 
aim of this course is to provide the 
latest ideas and approaches in 
strongly nonlinear dynamical and 
acoustical systems, and discuss 
appropriate modelling tools and 

practical examples highlighting the 
non-standard and non-stationary 
aspects of this challenging, yet so 
promising area.

The course is structured along 
three main didactic themes: (i) 
Foundations – Basic notions, 
concepts, models and benchmark 
problems in strongly nonlinear 
systems (Gendelman, Rega, 
Vakakis); (ii) Methodology – Ad-
vanced analytical and numerical 
tools for exploiting the strongly 
nonlinear dynamics and acoustics 
(Cochelin , Gendelman, Kerschen, 
Rega, Vakakis); and, (iii) Applica-
tions – Addressing practical and 
diverse problems where the ideas 
and methods related to strong 
nonlinearity become necessary 
(Cochelin, Kerschen, Krack, 
Vakakis, Vestroni). The course is 
addressed to graduate students, 
interested faculty, researchers and 
professionals.

A principle of similarity for 
nonlinear vibration absorbers, G. 
Habib and G. Kerschen, Physica 
D 332, 1-8, 2016.

Effects of modal energy scattering 
and friction on the resonance 
mitigation with an impact 
absorber, T. Theurich et al., J. 
Sound Vib. 442, 71-89, 2019.

Toward understanding the 
self-adaptive dynamics of a 
harmonically forced beam with 
a sliding mass, M. Krack et al., 
Arch. Appl. Mech. 87(4), 699-720, 
2017.

Vibration prediction of bladed 
disks coupled by friction joints, M. 
Krack et al., Arch. Comp. Meth. 
Eng. 24(3), 589-636, 2017.

A global dynamics perspective 
for system safety from macro- to 
nanomechanics: Analysis, control 
and design engineering, G. Rega, 
and S. Lenci, Appl. Mech. Rev. 
67(5), 050802, 2015.

Avoiding/inducing dynamic 
buckling in a thermomechanically 
coupled plate: a local and global 
analysis of slow/fast response, V. 
Settimi et al.,  Proc. Royal Soc. A, 
474 (2213), 20180206, 2018.

Theme Issue on Nonlinear 
Energy Transfer in Dynamical 
and Acoustical Systems (O.V. 
Gendelman and A.F. Vakakis 
Eds.), Phil. Tran. Royal Soc. A, 
376, 20170132, 2018.

Passive Nonlinear Targeted 
Energy Transfer in Mechanical 
and Structural Systems: I and 
II, A.F. Vakakis et al., Springer 
Verlag, 2008.

Topics on the Nonlinear Dynamics 
and Acoustics of Ordered 
Granular Media, Y. Starosvetsky 
et al., World Scientific Press, 2017.

Energy exchange and localization 
in essentially nonlinear oscillatory 
systems: Canonical formalism, 
O.V. Gendelman and T.P. Sapsis, 
J. Appl. Mech. 84, 011009, 1-9, 
2017.

Escape of a harmonically 
forced particle from an infinite-
range potential well: a transient 
resonance, O.V. Gendelman, 
Nonl. Dyn. 93, 79-88, 2018.

Nonlinear resonances of hysteretic 
oscillators, P. Casini and F. 
Vestroni, Acta Mech. 229:2, 939-
952, 2017.

All lectures will be given in English. Lecture notes can be downloaded from the CISM web site. Instructions will be sent to accepted participants.

EXPLOITING THE USE OF STRONG NONLINEARITY IN DYNAMICS AND ACOUSTICS LECTURERS

PRELIMINARY SUGGESTED READINGS

LECTURES

Bruno Cochelin - Laboratoire of Mechanics and Acoustics (LMA) 
CNRS, France
5 lectures on: Nonlinear acoustics; numerical and experimental 
design of nonlinear membranes for acoustic mitigation; numerical 
modeling of wind musical instruments: linear resonator coupled to 
a nonlinear exciter; influence of the nonlinearity of the exciter (e.g., 
reed and mouthpiece) on the sound-producing resonator.

Oleg Gendelman - Technion, Haifa, Israel
6 lectures on: Quantitative/qualitative methods for essentially nonlin-
ear dynamical systems; quasilinear dynamics and its generalization 
for strong nonlinearity, stationary solutions, harmonic balance; 
canonical formalism, action-angle variables; transient phenomena 
and energy flows; breather dynamics in strongly nonlinear lattices.

Gaetan Kerschen - University of Liege, Belgium
5 lectures on: Engineering design exploiting nonlinearity; tailoring 
nonlinearity using spline optimization; a principle of similarity for 
nonlinear systems; linearization of nonlinear resonances – isoch-
ronicity and force-displacement proportionality; nonlinearity through 
piezoelectric shunting and digital control.

Malte Krack - University of Stuttgart, Germany
5 lectures on: Intentional use of strongly nonlinear contact interac-
tions (dry friction and impacts) for vibration mitigation; modeling and 
simulation of non-smooth contacts; vibro-impact  and self-adaptive 
absorbers; friction dampers; application to periodically driven and 
self-excited vibrations of aero-engine blades.

Giuseppe Rega - University of Rome ‘La Sapienza’, Italy
5 lectures on: Global dynamic analysis, control and design of engi-
neering systems; nonlinear thermomechanically coupled composite 
plates; dynamical integrity concept, structural stability, from macro- 
to micro-mechanics; control of bifurcations triggering erosion/insta-
bility; a new paradigm for aware evaluation of engineering safety.

Alexander Vakakis - University of Illinois at Urbana-Champaign, USA
5 lectures on: Nonlinear acoustics; geometric effects as a source 
of strong nonlinearity; nonlinear sonic vacua and intense energy 
transfers; ordered granular media and granular interfaces; acoustic 
non-reciprocity in nonlinear lattice systems – theoretical and experi-
mental results; nonlinear acoustic metamaterials. 

Fabrizio Vestroni - University of Rome ‘La Sapienza’, Italy
4 lectures on: Vibration mitigation of structures with nonlinear 
attachments; nonlinear hysteretic absorbers; intentionally induced 
nonlinear phenomena, e.g., nonlinear coupling, bifurcations, supera-
bundant modes for vibration mitigation; example with noise barriers 
of high-speed train lines.


