Advances on Force Identification
in Structural Dynamics

Maia, N. M. M., Lage, Y. E and Neves, M. M.
IDMEC-IST, Technical University of Lisbon, Department Mechanical Engineering
Av. Rovisco Pais, 1049-001, Lisboa, Portugal
email: nmaia@dem.ist.utl.pt

Abstract
This paper presents recent advances on force identification for structural dynamics using the concept of

transmissibility for multiple degree-of-freedom (MDOF) systems, to both the direct and inverse force
identification problems. The direct problem is understood as the one where one knows the applied
forces and wishes to estimate the reactions at the supports; the inverse force identification problem is
when one wishes to determine how many forces are applied, where they are applied and which are
their magnitudes.

To determine the location and magnitude of the dynamic forces that excite the system is an important
issue in structural dynamics, especially when operational forces cannot be directly measured, as it
happens at inaccessible locations; it is often the case that transducers cannot be introduced in the
structure to allow the experimental measurement of the external loads and only a limited number of
sensors and positions are available. The identification of forces from vibration measurements at a few
accessible locations is a very important problem in various areas, such as vibration control, fatigue life
prediction and health monitoring.

Although the force identification problem may be solved from the dynamic responses by simply
reversing the direct problem, this is usually ill-posed and sensitive to perturbations in the measured
data. The use of the transmissibility in conjunction with a two step methodology for force identification
is the main novelty of this paper. For the force identification based on the transmissibility of motion,
two steps are taken, (i) firstly the number of forces and their location are obtained, and (ii) secondly the
reconstruction of the load vector is performed using some of the responses obtained experimentally
together with the updated numerical model. Both have been numerically developed and implemented,
as well as experimentally tested in the research group during the last years to access the potential of
these new methods.

In section 2, the authors review the generalized transmissibility concepts, both in terms of
displacements and forces. They are introduced and deduced from two different perspectives, (i) from
the frequency response functions, (ii) from the dynamic stiffness. In section 3, a numerical model and an
experimental application are presented to illustrate the transmissibility concept. In section 4 the
methodologies proposed for force identification based on the transmissibility are introduced.

Some simulated and experimental results are presented to show how these methodologies are able to
help us identifying applied and reaction forces. The authors present a discussion on these proposed
methods and on the obtained results.
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