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Tribomechadynamics: The Emergence of a New Field at the

Confluence of Tribology, Contact Mechanics, and Structural

Dynamics

Matthew Brake™
Rice University

Abstract: Tribomechadynamics is a new field in mechanical engineering that includes tribology (the
study of surfaces in relative motion), contact mechanics, and structural dynamics. These three
disciplines all study mechanical interfaces, but they have remained separate due to length scale
considerations, solution techniques, and response metrics. The new field of Tribomechadynamics
was created to bridge the scales from the nano- and micro-structural characterizations of tribology to
the macroscale modeling of structural dynamics. The goals of this new field are to predict the
degradation of interfaces (solid/solid and solid/fluid) and to improve the design of components to
extend life, increase performance and reduce costs. Tribomechadynamics offers the opportunity to
improve the efficiency and reduce the costs of machines such as vehicles, engines, and turbines
through a better physical understanding of the interfacial dissipation inherent in assembled systems.
This talk presents an overview of the nonlinear qualities of jointed structures and the particular
modeling approaches that are necessary for predictability. At the conclusion, open areas and
challenges for future work are discussed.

& A: Prof. Matthew Brake

Prof. Brake started at Rice University in 2016 after working at Sandia National Laboratories for
nine years. Prior to Sandia, Prof. Brake graduated from Carnegie Mellon University in 2007. Prof.
Brake has been elected to several leadership positions, including as the chair of the ASME Research
Committee on the Mechanics of Jointed Structures, the chair of the Nonlinear Dynamics Technical
Division of SEM, and as the chair of the ASME Technical Committee on Vibration and Sound. He is
a recipient of the 2012 Presidential Early Career Award for Scientists and Engineers and he recently
won the 2018 C.D. Mote Jr Early Career Award. Much of Prof. Brake’s career has focused on
developing large scale collaborations and supporting graduate student education. To this end, he
founded and directed both the Tribomechadynamics Research Camp (TRC) Summer Program, which
rotates between Rice University, Imperial College London, and the University of Stuttgart, and the
Nonlinear Mechanics and Dynamics (NOMAD) Institute at Sandia National Laboratories. His
primary research interests are in interfacial mechanics, tribology, model reduction theory, uncertainty
propagation, and nonlinear dynamics.
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The influence of friction interface geometry on the nonlinear

dynamic response of aero-engine structures
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Abstract: Friction interfaces are unavoidable components of large engineering assemblies since they
enable complex designs, ensure alignment, and enable the transfer of mechanical loads between the
components. Unfortunately, they are also a major source of nonlinearities and uncertainty in the static
and dynamic response of the assembly, due to the complex frictional physics occurring at the interface.
One major contributor to the nonlinear dynamic behavior of the interface is the mesoscale geometry
of a friction interface. Currently, the effects of the interface geometry on the nonlinear dynamic
response is often ignored in the analysis due to the high computational cost of discretizing the interface
to such fine levels for classical finite element analysis. In this paper, the influence of mesoscale
frictional interface geometries on the nonlinear dynamic response is investigated through an efficient
multi-scale modeling framework based on the boundary element method. A highly integrated refined
contact analysis, static analysis, and nonlinear modal analysis approach are presented to solve a multi-
scale problem where mesoscale frictional interfaces are embedded into the macroscale finite element
model. The efficiency of the framework is demonstrated and validated against an existing dovetail
dogbone test rig. Finally, the effects of different mesoscale interface geometries such as surface
waviness and edge radius, are numerically investigated, further highlighting the influence of mesoscale
interface geometries on the nonlinear dynamics of jointed structures and opening a new research
direction for the design of friction interfaces in friction involved mechanical systems.
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