Extended Abstract

The 5th Joint International Conference on Multibody System Dynamics
June 24 – 28, 2018, Lisbon, Portugal

Contact Mechanics for Multibody Dynamics
Paulo Flores
MIT-Portugal Program, CMEMS-UMinho, Departamento de Engenharia Mecânica, Universidade do Minho,
Campus de Azurém, 4804-533 Guimarães, Portugal, pflores@dem.uminho.pt

This talk will focus on the fundamental issues of the modeling and analysis of contact-impact events within
the framework of multibody system formulations. Results in terms of the dynamic simulations of several
mechanical systems will be presented, which allow for the evaluation of the computational accuracy and
efficiency of the methodologies used to handle the contact mechanics in multibody dynamics.
A multibody system can be described as a collection of bodies acted upon by external forces and
interconnected by kinematic pairs of different types that constrain their relative motion [1]. The external actions
applied on the system components may include gravitational and inertial forces, concentrated forces and statedependent forces in which contact-impact forces are included. In particular, contact-impact events occur very
often in multibody systems [2-4]. As a result of an impact, the state of a system can change quite rapidly,
resulting in discontinuities in the system velocities. Overall, the knowledge of the peak forces developed during
the impact process is crucial for the dynamic analysis of mechanical systems and has consequences in the design
process [5-7]. The subject of contact mechanics and its applications has received a great deal of attention over
the last few decades, and still remains an active field of research and development. There is no doubt that
contact-impact events are ubiquitous in engineering and research activities, such as in railway dynamics [8],
crashworthiness [9], robotics [10], biomechanics [11], mechanisms [12], and sound waves [13], just to mention
a few. It is known that contact-impact events can frequently occur in multibody mechanical systems and in
many cases the function of mechanical systems is based on them [14]. An impact can be described as a complex
physical phenomenon for which the main characteristics are a very short duration, high force levels, rapid
energy dissipation and large changes in the velocities of bodies. In turn, contact implies a continuous process,
which takes place over a finite time.
The establishment of a general criterion to group the different methods to deal with contact-impact events is
not unanimous and simple. A general and broad embracing rule is to group them into contact force based
methods (continuous methods) and the approaches based on the geometric constraints (piecewise methods) [15].
In a simple manner, three main features distinguish these two methods: (i) the location of the contact points, (ii)
the relative penetration or indentation between contacting bodies, and (iii) the contact forces. In the contact force
based methods, commonly referred to as penalty approaches, the location of the contact points does not coincide
in both contacting bodies. With these methods a large number of potential contact points exist, in general, being
the actual contact points those associated with the maximum indentation [16]. In turn, in the methods based on
the geometric constraints, the contact points on both bodies are necessarily coincident due to the contact
constraints imposed on the system. In these methods, the relative indentation between the contacting bodies is
not permitted as bodies are considered to be entirely rigid at the contact zone [17]. In contrast, with the penalty
approaches, relative indentation of bodies is allowed to occur, a reason for which these methods are also usually
referred to as elastic approaches [18]. The indentation plays a crucial role as it is utilized to evaluate the contact
forces according to an appropriate constitutive law [19, 20].
Thus, this lecture deals with a critical analysis and discussion on the recent developments and challenges
when modeling contact-impacts events in the context of dynamics of multibody systems. Several examples of
application will be used to show and compared the different models to handle frictional contacts, ranging from
simples cases, as the contact between spheres, to complex systems, such as human joints and biomechanical
models. Furthermore, future developments and challenging issues will also be object of discussion.

References
[1] P.E. Nikravesh, P.E.: Computer-aided analysis of mechanical systems. Prentice Hall, Englewood Cliffs, NJ, 1988.
[2] P. Flores, Modeling and simulation of wear in revolute clearance joints in multibody systems. Mechanism and Machine
Theory, 44, 1211-1222, 2009.
[3] J. Ambrósio, P. Veríssimo, Improved bushing models for general multibody systems and vehicle dynamics. Multibody
System Dynamics, 22, 341-365, 2009.
[4] M. Machado, P. Flores, J.C.P. Claro, J. Ambrósio, M. Silva, A. Completo, H.M. Lankarani, Development of a planar
multi-body model of the human knee joint. Nonlinear Dynamics, 60, 459-478, 2010.
[5] D. Dopico, A. Luaces, M. Gonzalez, J. Cuadrado, Dealing with multiple contacts in a human-in-the-loop application.
Multibody System Dynamics, 25, 167-183, 2010.
[6] P. Flores, M. Machado, M.T. Silva, J.M. Martins, On the continuous contact force models for soft materials in
multibody dynamics. Multibody System Dynamics, Vol. 25(3), 357-375, 2011.
[7] Q. Tian, C. Liu, M. Machado, P. Flores, A new model for dry and lubricated cylindrical joints with clearance in spatial
flexible multibody systems. Nonlinear Dynamics, 64, 25-47, 2011.
[8] A.A. Shabana, K.A. Zaazaa, J.L. Escalona, J.R. Sany, Development of elastic force model for wheel/rail contact
problems. Journal of Sound and Vibration, 269, 295-325, 2004.
[9] H.K. Beheshti, H.M. Lankarani, A simplified test methodology for crashworthiness evaluation of aircraft seat
cushions. International Journal of Crashworthiness, 11, 27-35, 2006.
[10] D.W. Marhefka, D.E. Orin, A compliant contact model with nonlinear damping for simulation of robotic systems.
IEEE Transactions on Systems, Man and Cybernetics - Part A: Systems and Humans, 29, 566-572, 1999.
[11] E. Askari, P. Flores, D. Dabirrahmani, R. Appleyard, Study of the friction-induced vibration and contact mechanics of
artificial hip joints. Tribology International, 70, 1-10, 2014.
[12] S. Erkaya, I. Uzmay, A neural-genetic (NN-GA) approach for optimizing mechanisms having joints with clearance.
Multibody System Dynamics, 20, 69-83, 2008.
[13] A. Izadbakhsh, J. McPhee, S. Birkett, Dynamic modeling and experimental testing of a piano action mechanism with a
flexible hammer shank. Journal of Computational and Nonlinear Dynamics, 3, 031004, 10p, 2008.
[14] J. Alves, N. Peixinho, M.T. Silva, P. Flores, H.M. Lankarani, A comparative study of the viscoelastic constitutive
models for frictionless contact interfaces in solids. Mechanism and Machine Theory, 85, 172-188, 2015.
[15] M. Machado, P. Moreira, P. Flores, H.M. Lankarani, Compliant contact force models in multibody dynamics:
Evolution of the Hertz contact theory. Mechanism and Machine Theory, 53, 99-121, 2012.
[16] Y.A. Khulief, Modeling of impact in multibody systems: An overview. Journal of Computational and Nonlinear
Dynamics, 8, 021012, 15p, 2013.
[17] P. Flores, R. Leine, C. Glocker, Modeling and analysis of planar rigid multibody systems with translational clearance
joints based on the non-smooth dynamics approach. Multibody System Dynamics, 23, 165-190, 2010.
[18] H.M. Lankarani, Canonical equations of motion and estimation of parameters in the analysis of impact problems. PhD
Dissertation, The University of Arizona, Tucson, Arizona, USA, 1988.
[19] A. Roy, J.A. Carretero, A damping term based on material properties for the volume-based contact dynamics model.
International Journal of Non-linear Mechanics, 47, 103-112, 2012.
[20] K.L. Johnson, Contact mechanics. Cambridge University Press, 1985.

