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Impulse-momentum level representations are often used to study impact in mechanical
systems. The main assumption for developing such a model is that the duration of
the impact is negligible on the time scale determined by the fundamental frequencies
of the system, hence, the configuration of the system is unchanged during the phase
of impact. This makes it possible to reduce the governing dynamic equations to the
impulse-momentum level.

This main assumption is, however, also often mixed with other assumptions related to the
validity of rigid body behaviour during impact. This can give rise to considerations such
as that tangential forces can only be developed due to friction. In this paper, we show that
such assumption is often incorrect and does not have physical ground. Tangential force
components can also be developed in impact even when the pre-impact relative velocity
is completely aligned with the common geometric normal of the contacting surfaces. In
such a case tangential forces are not developed by friction. Normal relative velocity can
also give rise to forces in tangential directions due to coupling.

We will discuss that the rigid body assumption and considerations stemming from that,
which are frequently used in impulse-momentum methods, do not always have physical
justification in impact. One has to be careful when using any impact model that hinges
on such assumption.

In low velocity impact, it is generally accepted that the impact period is partitioned into
compression and restitution phases. Several hypotheses exist to define the separation
point between these two phases. The simplest one considers that the vanishing of the
relative velocity of the contact points defines the end of compression. However, it is highly
arguable how such a relative velocity can be defined considering that both compression
and restitution already represent physical contact. It can be shown that a more precise
definition can be established based on energetic reasoning, where the end point of the
compression phase can be determined purely based on the direction of the pre-impact,
i.e. pre-contact, relative velocity that is to be constrained by the impact.

Based on the definition of compression and restitution phases, impulse-momentum level
approaches require the use of some constitutive relation to develop a consistent set of
equations. This relation usually involves the concept of a coefficient of restitution. Such
a coefficient can be defined based on: (1) purely kinematics reasoning, (2) kinetics con-
siderations of the impulses in the compression and restitution phases, and (3) energetic
bases. Each of these approaches has its own advantages and disadvantages. However,
they usually consider only the geometrically normal direction of contact to develop the
definition of the coefficient of restitution.
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In this work, we argue that, even in a completely frictionless case, the development of
forces and impulses due to compression are not only associated with the geometrically
normal direction of contact. In a general situation, the impacting bodies need to be
deformed along both normal and tangential directions to absorb the energy associated
with compression. This is simply made necessary by the physics of the problem, and has
no relation to our possible assumptions related to the existence of tangential compliance.
Therefore, geometrically tangential forces in impact can always be developed due to
physical phenomena different from friction.

Impact can be considered as some motion in a mechanical system is suddenly constrained.
Constrained motion generally means the existence of some kinematic specifications for
certain directions of motion. For finite bilateral and unilateral constraints, this can often
be translated into restricting certain relative motions by rigid surfaces. For the ideal case
such a rigid surface can develop reaction force only normal to the surface, i.e. the sense
of a particular constrained relative motion is perpendicular to the restraining surface(s).
This is entirely compatible with the notion of finite constraints. However, the impulse-
momentum level consideration of impact requires the notion of impulsive constraints.
Although, mathematically, finite and impulsive constraints can be expressed in similar
ways, physically, there is a fundamental difference between the two.

This difference can be understood via developing a more general formulation based on
the principle of relaxation of constraints. In such a formulation, the dynamics of both
constrained and admissible motions are fully considered first, and the possible kinematic
restrictions on the constrained motion are imposed in a second step only. Such a formula-
tion and analysis reveal that the constrained motion of finite constraints has zero initial
kinetic energy, while the constrained motion related to impact does have nonzero kinetic
energy. This kinetic energy part needs to be completely absorbed in the compression
phase in impact.

The impulse vector developed due the above-mentioned kinetic energy part is not neces-
sarily aligned with the pre-impact relative normal velocity. The direction of that impulse
depends on several factors such as the geometry and mass distribution of the system.
Therefore, the development of the impulse requires a general deformation profile of the
contacting bodies in the compression phase. The impulse and the related forces cannot be
fully represented using assumptions that stem from the rigid surface considerations. We
note that even though deformation always takes place in impact, the characteristics of
the developed impulses/forces can sometimes be well represented using the rigid surface
theory. This is the case, for example, when the pre-impact kinetic energy of constrained
motion is such that only normal impulse needs to be developed during the compression
phase. However, that is a rare situation. We will illustrate the material using simulations
and experiments.
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