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Six degrees of freedom over-constrained manipulator:

direct position, singularity and workspace analysis
INTRODUCTION RESULTS

The Gough-Stewart (GS) platform is the most widely known parallel robot. Its  the adopted parametrization leads to a 4x4 Jacobian matrix, and let us better

close-loop structure makes this manipulator uniquely suitable, with respect 4o ctand some singularity configurations (shown in the following figures).
to a serial manipulator, for those applications in which a high stiffness is .y 03 .

required and high loads are acting on the movable platfom. On the other
hand, however, it features a smaller workspace, due to the possible collision 02 0.2.
of the components of the manipulator. In recent years, several architectures ;.
based on this manipulator were developed. We propose a new manipulator
based on the GS platform that features some improvements with respect to
the previous architectures. 0.05 ~

The manipulator is an over-constrained modified Gough-Stewart (GS) "
platform and is composed by (Fig 1.a and Fig 1.b):
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* amoving platform (1);
* afixed base (2);
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* three kinematic chains (CK). Thereafter a numerical singularity analysis is shown for a manipulator
geometry typical of practical applications: the singular surfaces are obtained

for some orientations of the mobile platform (shown in the following figures).
n=0°% ¢=20°% Y=0°;

Each kinematic chain is composed by two actuators (4, 5) connected to the
fixed base by means of Universal joints and to the mobile platform by
means of the “locator pivot” joint (9); when the actuators are locked the
CK can be seen as a four bar mechanism. The main feature of the CK is that
the fixed axes of the universal joints are collinear two by two and the other
axes are all parallel and orthogonal to the previous two.
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MR Fig. 1.b Tridimensional representation of the
Fig. 1.a Tridimensional representation of the kinematic chian Lo T , , ,
manipulator K For some orientations of the mobile platform, the workspace is defined and

compared to a rather large space free from singularities for the same
METHODS s l‘ t1 rotati.ons.(as shoyvn in fol.low.ing figures), which shows the potential of this
machine in practical application.

The direct position analysis (DPA)

problem is to find the configuration of
the mobile platform, given the lengths
of the legs. The closure equations of
the mechanism have been found
relying upon a technique, known as

“open loop chain”, that was used to 1
solve the DPA of many mechanismes.

Differently from the classical approach, CONCLUVSK)N il oot | L

using a four angles parametrization
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(Fig 1.c), the core of the DPA, for this \ « the over-constrained manipulator are known for their higher stiffness
manipulator, can be reduced to a and, thus, higher precision;

system of four equations in four  the architecture is such that it simplifies considerably the design
unknowns. Moreover, singularity and “ process,

 the numerical results show a free from singularity workspace for the

workspace analysis were conducted. . o . . . N
Fig. 1.c Four angles parametrization platform orientations analysed (those of typical applications).
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