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Main research interests (dynamics, tribology, biomechanics, ...)

Coupling system dynamics and local contact behavior
To transfer, dissipate or store energy, mechanical systems include interface in frictional contact. Induced vibrations
of components in contact results in large oscillations of the local contact stresses, due to the local deformation of the
components at the contact interfaces. Vice-versa the local contact behavior affects the system dynamics. An
interdisciplinary approach is need to handle dynamic and tribological problems.
Brake Squeal Noise and Vibrations
Between the NVH issues, brake squeal is an acoustic emission caused by vibration induced by friction forces,
occurring on the frequency range between 1 and 20 KHz. The research project approaches the problem coupling
tribological and dynamic analyses, by experimental and numerical investigations. Effects of system parameters such
as damping, and passive solutions such as structural modifications are investigated.
Hip endoprosthesis Squeaking noise emission
The ceramic-on-ceramic bearings are characterized by low wear rates and an excellent biocompatibility.
Nevertheless, recent worrisome rates of squeaking noise occurrence are reported for this kind of prosthesis. The aim
of this project is the development and validation of a numerical model able to predict the friction induced vibrations
at the origin of the squeaking noise emission. The model allows as well for recovering the same in-vivo squeaking
frequencies and for comparing squeaking propensity of different prosthesis designs.
Tactile perception
Fingers are moved to scan the object surfaces generating skin vibrations. The information on object surfaces is
partially contained in the friction induced vibrations. The mechanoreceptors, mechanical sensors immersed into the
skin, have the key role of transducing the stress state oscillations into electrical impulses conveyed to the brain.
Investigations are developed to link the vibration spectra generated by the finger scanning with the tactile sense.
Wave propagation at contact interfaces
Friction is a stiff phenomenon, depending on several parameters and affecting system behavior. At the frictional
contact the relative motion gives rise to local ruptures and waves which propagate at the interface. An understanding
of wave propagation and generation at the contact is fundamental for understanding friction induced vibrations and
the macroscopic frictional behaviors (local and macroscopic stick-slip, continuous sliding, ...) at the origin of several
phenomena such as earthquakes or surface machining damages.
Maps of contact instability scenarios
Phenomena rising when two body are in frictional contact like stick-slip, fatigue failures, self-excited vibrations, are
substantial subject of interest in different domains, such as nonlinear dynamics, tribology, biomechanics, or
geophysics. The aim of this project is to investigate the instability scenarios occurring when friction forces excite the
mechanical systems during the relative motion; the coupling between the local behavior at the contact and the global
dynamic of the system brings to either stick-slip phenomena, or modal instabilities.
Energy transfer between acoustic fields by frictional contacts for passive structural monitoring
The friction nonlinearity between sliding surfaces can be used to transfer vibrational energy between acoustic fields,
by the dynamic response of the solids in contact. The energy transfer can be useful for several applications such as
passive health monitoring and diagnostic, recovering of environmental vibrational energy, ... Numerical and
experimental analyses are used to develop systems able to transfer energy between wished acoustic fields.
Analysis of degradation scenarios of high loaded oscillating bearings
This project addresses the analysis of the degradation mechanism of oscillating ball bearings subjected to high loads.
These bearings can reach extreme contact pressures at the ball-race contact surfaces; the oscillation of the bearings
provides fatigue loading of the contact area due to the repetitive rotation of the balls between the races. A numerical
plastic model with contact nonlinearities and experimental tribological observations are developed to highlight the
degradation scenarios and to prevent/predict the bearing failure.
False Brinelling degradation of bearings exposed to vibrational environment
This project deals with the numerical analysis aimed to reproduce the behavior of the local contact stresses between
balls and races of the rolling bearings mounted on aircrafts. The scenario of the false Brinelling degradation of the
race surfaces is investigated. A multi-body nonlinear model is developed to account for the vibrational excitation
from the engines and the dynamic response of the bleed valve. The forces acting on the bearings are then introduced
in a finite element model, in order to recover the stress distribution at the contact. The stress values at the nucleation
zones of the false Brinelling degradation are recovered numerically and validate experimentally.
Energy balance of a frictional contacts: contact damping and friction induced vibrations
One of the research branches the most investigated lies in the field of non-linear dynamics and deals with the
vibration damping by frictional contact. A more general approach accounting for the energy transfer between
surface and solid dynamics is needed to identify the energy effectively dissipated at the contact and the energy
reintroduced in the system by friction induced vibrations. To allow this distinction, a main attention is addressed to
the energy balance and a correct analysis of the energy flows between bulk and surface.
Contact stiffness
Experimental techniques are developed in order to characterize one of the most unknown parameters in contact
mechanics, i.e. the contact stiffness between frictional interfaces.
Hip endoprosthesis stability; Vibrations in bio-mechanics and bio-tribology; ...
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38th Leeds-Lyon Symposium on Tribology, Energy and Health, Lyon, France, (6-9 September 2011).
[15] Session chair at international conferences on dynamics and tribology (ISMA, EUROBRAKE,
INTERNOISE, JEF, ACT,...)
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[17]  Co-organization of the « Friction Induced Vibrations » special session, at the ISMA 2014
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USD2009, Leeds-Lyon 2011, Leeds-Lyon 2013, ACT2014, ECOTRIB2015, ACT2017,
EURODYN2017, AIMETA2019, LAC-TC2019....
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squeal modal instability, at the IMAC XXV, St Louis, USA (2006).
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Mechanical Systems and Signal Processing (Ed. Elsevier), Tribology International (Ed. Elsevier) ;
Noise Control Engineering Journal (Ed. INCE/USA); International Journal of Vehicle Design (Ed.
Inderscience Publishers); Tribology Letters, (Ed. Springer), Wear of Materials, Journal of Bionic
Engineering (Ed. Elsevier), International Journal of Mechanical Sciences (Ed. Elsevier), Meccanica
(Ed. Springer), International Journal of Solids and Structures (Ed. Elsevier), Journal of Bionic
Engineering (Ed. Elsevier), Journal of Engineering Tribology (Sage), Mechanism and Machine
Theory (Ed. Elsevier), Noise Control Engineering Journal (INCE-USA), Shock and Vibrations
(Hindawi), Journal of Vibration and Acoustics -Transactions of the ASME, ... Reviewer for several
International congresses.

[22] Member of the ATM (Association de TriboMecanique) society.

[23] Board member of the AIT (Associazione Italiana di Tribolgia) society.

Scientific and contractual tasks

- Coordinator of several research projects between the DIMA and industrial partners (covered
by confidentiality.

- Partner in the EU project AUDACITY, in the framework of the call CLEANSKY2, Horizon
2020 —Framework Programme for Research and Innovation, 2019-....

- Coordinator of the project SAFRAN LANDING SYSTEM - DIMA- LaMCoS for the
tribological and dynamic analysis of aircraft brake CC materials, 2018- ....

- Coordinator of the project SOMFY — DIMA- LaMCoS for the analysis of stick-slip noise from
spring brakes, 2018- ....

- Coordinator of a research project on experimental brake squeal analysis, between the DIMA of
the University of Rome La Sapienza and BREMBO S.p.a., 2017 ... .

- Coordinator of the project SKF Aerospace — DIMA- LaMCoS for the analysis of the surface
degradations on high loaded oscillating bearings, 2016- ....

- Coordinator of the Sapienza project Ateneo 2016 “Analysis of the signals at the origins of
tactile perception: friction induced vibrations and contact forces. Towards the understanding and
reproduction of touch”, 2016-2017.

- Coordinator of a research project on numerical brake squeal prediction, between the DIMA of
the University of Rome La Sapienza and BREMBO S.p.a., 2015 -2017.

- Coordinator of the Sapienza project Ateneo 2013 “Energy transfer between different acoustic
fields by frictional contact nonlinearities”, 2013-2014.

- Responsible of collaboration projects between Sapienza and LaMCoS: i) on the numerical
simulation of ball-race bearing contact; ii) on the simulation of acoustic energy transfer by frictional
contact, 2013-2014.
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- Coordinator LaMCoS of the project LaMCoS — TORNIER R&D for the analysis of the
squeaking of hip endoprostheses, 2011-2013.

- Coordinator of the work group 4 "Secondary passive acoustic source: energy transfer between
acoustic fields by sliding contact” of the ANR (Agence nationale de la Recherche) project PASNI "
Passive Acoustic Sensing Network and Imaging".

- Coordinator of the BQR (Bonus Qualité Recherche) project « Activation tribologique des
capteurs sensoriels par les vibrations induites par le contact frottant doigt — surface », 2008-2010.

- Coordinator of the work group 2 « GT2 : Modélisation a I'échelle des premiers corps » in the
framework of the ANR project DINEET (Dialogues Numériques Entre Echelles Tribologiques), 2009-
2011.

- Responsible for LaMCoS - INSA of the WP2 (Work Package 2: Modelling and computation to
define loads and stresses at mechanisms and contacts levels) of the European project BEARINGS (New
generation of aeronautical bearings for extreme environmental constraints), 2007-2009.

- Responsible LaMCoS of the project LaMCoS - PSA Peugeot-Citroén for the analysis of the
squeal emission on a PSA brake system (Report: MAST 05_CC_043), 2008.

Administrative tasks

[1] Member of the “Commissione Qualita” of the “Consiglio d’Area di Ingegneria Meccanica”,
Sapienza University of Rome, 2017-...

Responsible of the teaching platform “contact” of the department “Geénie Mécanique Développement”,
2009/2010 — 2010/2011- 2011/2012.

[2] Member of the ""Conseil des études' (committee in charge of the organization and evolution of
the department didactics), department “Génie Mécanique Développement”, 2009-2012.

[3] Member of the Department Board of the department “Génie Mécanique Développement”,
2009/2010 — 2010/2011- 2011/2012.

[4] Member of the team for the international student exchange at the department “Génie
Meécanique Développement”, 2009/2010 — 2010/2011- 2011/2012.

[5] Coordinator of the on-going professional training courses (Ph.D. and industrials) Dynamique
des systemes mecaniques (Dynamics of mechanical systems), 2010/2011.

[6] Responsible of the project INSA BQF 2011 (Bonus Qualité Formation) for the development of
new experimental platforms for the course "Mesure et Méthode Expérimentale", 2011/2012.

Ph.D. supervising

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2018 — ...)
) ‘Surface vibratory propensity/capacity of C / C materials in the presence of a "3/1" layer’. (Ph.D.
student: Alessandro Lazzari — 2018-..., INSA / ‘La Sapienza’).

Co-director of a Ph.D. thesis (November 2018 —...)
\ ‘Physical and numerical tribological simulations of aeronautical oscillating bearings to model
their life evolution’. (Ph.D. student: Lucas Frache — 2018-..., INSA Lyon).

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2017 —...)
O *Study of the vibro-acoustic and tribological behavior of a spring brake for tubular electric
motors’. (Ph.D. student: llaria Ghezzi — 2017-..., INSA / ‘La Sapienza’).

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2017 —...)

[ ‘Non-linear interactions between ultrasound acoustic waves and contact interfaces for imaging
and characterization of interfaces’. (Ph.D. student: Dorra Nouira — 2017-..., University of Bordeaux / ‘La
Sapienza’).

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2015 — December 2018) %
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) ‘Development of multiscale analysis for hip bon remodeling’. (Ph.D. student: Eléonore Perrin —
2015-..., INSA / ‘La Sapienza’).

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2014 — December 2017)
) ‘Energy and phenomenological analysis of friction induced vibrations: energy transfer between

acoustic fields by frictional nonlinearities’. (Ph.D. student: Giovanna LACERRA —2014-...,INSA / ‘La

Sapienza’).

Co-director of a Ph.D. thesis financed by SKF Aerospace (November 2013 — Mars 2017)

[ ‘Physical, numerical and tribological simulations of oscillating rolling bearings subjected to
vibrational fields to increase their lifetime and improve their mounting conditions’. (Ph.D. student:
Eymard HOUARA KOMBA —2013-2017 INSA).

Co-tutor of a Ph.D. thesis in ‘cotutelle’ (November 2012 — December 2015)

) ‘Energy balance between frictional contact and material deformation, from surface to solid
energy dissipation... towards wear and friction control’. (Ph.D. student: Jacopo BRUNETTI — 2012-
2015, INSA / Univerita degli studi dell’ Aquila).

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2011 — November 2014)
\ ‘Analysis of the coupling between global and local dynamics at the contact’. (Ph.D. student:
Davide TONAZZI — 2011-2014, INSA / ‘La Sapienza’).

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2008 — December 2011)

) ‘Wave generation and propagation at tribological interfaces’. (Ph.D. student: Mariano DI
BARTOLOMEO - 2008-2011, INSA / ‘La Sapienza’). This thesis obtained the support of the VINCI
program of the “Université Franco-Italienne”.

Co-director of a Ph.D. thesis in ‘cotutelle’ (November 2008 — December 2011)

’

) ‘Tribological activation of tactile receptors by vibrations induced at the finger contact surface .

(Ph.D. student: Ramona FAGIANI — 2008-2011, INSA / ‘La Sapienza’)

PhD Committees

- Guillaume VOUAILLAT, INSA-Lyon, May 2020

- Rabii JAZA, INSA-Lyon, March 2020.

- Edouard DAVIN, CentraleLille, December 2019.

- Hiba JENDOUBI, Université de Poitiers, December 2019.

- Valentin RIPARD, INSA-Lyon, November 20109.

- Kevin PEYRE, University of Mulhouse — Haute Alsace, June 2019.

- Julian ROLLAND, INSA-Lyon, June 2018.

- Eleonore PERRIN, University La Sapienza of Rome/ INSA-Lyon, December 2018.
- Giovanna LACERRA, University La Sapienza of Rome/ INSA-Lyon, December 2017.
- Eymard HOUARA KOMBA, INSA-Lyon, March 2017.

- Abdelkrim SAIDOUN, University of Bordeaux, January 2017.

- Ondiz ZARRAGA, University of Mondragon, December 2016.

- Corentin ROBITAILLE, INSA of Lyon, December 2016.

- Jon ELGUEZABAL, University of Mondragon, June 2016.

- Jacopo BRUNETTI, INSA-Lyon/University of L’ Aquila, December 2015.

- Davide TONAZZI, University La Sapienza of Rome/ INSA-Lyon, December 2014.
- Davis NAIDOO RAMASAMI, University of Lille, June 2014.

- Martin DUBOC, University of Lille, November 2013.

- Romain BOCQUET, University of Mulhouse — Haute Alsace, November 2013.

- Ramona FAGIANI, INSA-Lyon/University La Sapienza of Rome, December 2011.
- Mariano DI BARTOLOMEO, University La Sapienza of Rome/INSA-Lyon, December 2011.

PhD Reviews
- Edouard DAVIN, Univ. CentraleLille, December 2019.
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Hiba JENDOUBI, Université de Poitiers, December 2019.
Valentin RIPARD, INSA-Lyon, November 2019.

Kevin PEYRE, University of Mulhouse — Haute Alsace, June 2019.
Julian ROLLAND, INSA-Lyon, June 2018.

Corentin ROBITAILLE, INSA of Lyon, December 2016.

Jon ELGUEZABAL, University of Mondragon, June 2016.

Romain BOCQUET, University of Mulhouse — Haute Alsace, November 2013.
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Teaching (2007-2012 INSA of Lyon, 2013-2019 Sapienza of Rome)

2007 —

2008 —

2008: 251 eqTD (71 in English language, 180 in French language)

Meécanique Générale (Kinetics and dynamics of mechanical systems) 2" year (102h)
Recherche et Développement en Tribologie (Tribology) 5" year (5h)

Analyse Numérique des Eléments Finis (Numerical Analysis and FE methods) 3 year (20h)
Vibrations (Exercitations in Vibrations) 3" year (24h)

Mesure et Méthode Expérimentale (Exercitations in measurement) 3™ year (40h)
Mathématique (Introduction to algorithmic and MatLab) 3 year (16h)

3 Projet de Fin d’Etudes (Master) 5" year

2009: 264h eqTD (85 in English language, 179 in French language)

Mécanique Générale (Kinetics and dynamics of mechanical systems) 2" year (127h)
Recherche et Développement en Tribologie (Tribology) 5™ year (7h)

Analyse Numérique des Eléments Finis (Numerical Analysis and FE methods) 3 year (19h)
Mathematical tools for French engineers (Mathematics) 3™ year (13h)

Mesure et Méthode Expérimentale (Exercitations in measurement) 3 year (32h)

Bases informatiques pour I'ingénieur (Introduction to algorithmic and MatLab) 3" year (19h)
1 Projet de Fin d’Etudes (Master) 5" year

Utilisation de logiciels d’éléments finis pour des applications non linéaires : contact,

frottement, plasticité (nonlinear FE methods and applications) master course for Ph.D. and industrials

(16h)

2009 —

2010 -

2011 -

2010: 240h eqTD (82 in English language, 158 in French language)

Mécanique Générale (Kinetics and dynamics of mechanical systems) 2" year (103h)
Recherche et Développement en Tribologie (Tribology) 5% year (3h)

Analyse Numérique des Eléments Finis (Numerical Analysis and FE methods) 3 year (16h)
Mathematical tools for French engineers (Mathematics) 3™ year (17h)

Mesure et Méthode Expérimentale (Exercitations in measurement) 3™ year (48h)

Bases informatiques pour I'ingénieur (Introduction to algorithmic and MatLab) 3" year (15h)
Computational Mechanics — classes for American students (15h)

1 Projet d’Ingénierie 3" year

1 Projet de Fin d’Etudes (Master) 5" year

2011: 262h eqTD (88 in English language, 174 in French language)

Mécanique Générale (Kinetics and dynamics of mechanical systems) 2" year (99h)
Recherche et Développement en Tribologie (Tribology) 5% year (3h)

Analyse Numérique des Eléments Finis (Numerical Analysis and FE methods) 3 year (16h)
Mathematical tools for French engineers (Mathematics) 3 year (15h)

Vibrations (Exercitations in Vibrations) 3 year (24h)

Mesure et Méthode Expérimentale (Exercitations in measurement) 3 year (41h)

Bases informatiques pour I'ingénieur (Introduction to algorithmic and MatLab) 3" year (13h)
Computational Mechanics — classes for American students (22h)

1 Projet d’Ingénierie 3" year

1 Projet de Fin d’Etudes (Master) 5" year

1 Master MEGA (Master) 5" year

Dynamique des systemes mecaniques (Dynamics of mechanical systems) on-going professional
training courses for Ph.D. and industrials (9h)

2012: 216h eqTD (84 in English language, 132 in French language)

Mécanique Générale (Kinetics and dynamics of mechanical systems) 2" year (93h)
Recherche et Développement en Tribologie (Tribology) 5" year (3h)

Analyse Numérique des Eléments Finis (Numerical Analysis and FE methods) 3" year (16h)
Mathematical tools for French engineers (Mathematics) 3 year (13h)

Mesure et Méthode Expérimentale (Exercitations in measurement) 3™ year (32h)

Bases informatiques pour I'ingénieur (Introduction to algorithmic and MatLab) 3" year (13h)
Computational Mechanics — classes for American students (22h)
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. 1 Projet d’Ingénierie 3" year

. 1 Projet de Fin d’Etudes (Master ERASMUS) 5" year

2012 — 2013:

. Meccanica Applicata (Applied mechanics) for civil engineering. 3" year

2013 — 2014:

. Meccanica Applicata (Applied mechanics) for civil engineering. 3" year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering. 3" year

. Dynamique des systemes mecaniques (Dynamics of mechanical systems) on-going professional

training courses for Ph.D. and industrials, INSAVALOR (Coordinator)

2014 — 2015:

. Meccanica Applicata (Applied mechanics) for civil engineering 3" year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering .3" year
2015- 2016:

. Meccanica Applicata (Applied mechanics) for civil engineering 3" year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering. 3" year
. Laboratory characterization of micro-nano mechanical Laboratory course for nanotechnology
engineering. 4™ year

2016-2017:

. Tribology for Engineers for mechanical engineering 5 year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering. 3" year

Laboratory characterization of micro-nano mechanical Laboratory course for nanotechnology
engineering. 4™ year

. Laboratory on applied mechanics Laboratory course for energy engineering. 2" year

. Laboratory on mechanics of vibrations Laboratory course for energy engineering. 2" year
2017-2018:

. Tribology for Engineers for mechanical engineering 5 year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering. 3" year

Laboratory characterization of micro-nano mechanical Laboratory course for nanotechnology
engineering. 4™ year

. Laboratory on applied mechanics Laboratory course for energy engineering. 2" year

. Laboratory on mechanics of vibrations Laboratory course for energy engineering. 2" year
2018-2019:

. Tribology for Engineers for mechanical engineering 5" year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering. 3" year

. Laboratory on applied mechanics Laboratory course for energy engineering. 2" year

. Laboratory on mechanics of vibrations Laboratory course for energy engineering. 2" year
2019- 2020:

. Tribology for Engineers for mechanical engineering 5" year

. Meccanica Applicata (Applied mechanics) for electrotechnical engineering. 31" year

. Laboratory on applied mechanics Laboratory course for energy engineering. 2" year

. Laboratory on mechanics of vibrations Laboratory course for energy engineering. 2" year
Faithfully,

Date: 08/07/2020
Francesco MASSI

aalon”
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