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Abstract

While performing a kinematic study of a mechanism, geometric analysis is mandatory. If a modular
approach based on an Assur group disaggregation is implemented, the analysis yields to the geo-
metric analysis of the Assur groups forming the mechanism. Previous approaches for the geometric
analysis of the third-class Assur group with rotational pairs led to issues that concern more to the
solution strategy than to the Assur group itself. In response to that, a geometric analysis in which
the third-class group is virtually disaggregated into dyads is implemented. Two novel considera-
tions are introduced to avoid numerical problems of the previous approaches: (a) a new parameter
is defined to filter out non-valid solutions, and (b) two decomposition directions are implemented
to configure the virtual dyads. (a) and (b) result in an extension of the solution range with respect
to previous works. This geometric problem is recognized as non-linear with multiple solutions. A
formal proof for the number of solutions is developed by algebraic geometry and two case studies
are presented to highlight the main alternatives of the analysis.
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1 Introduction

Position analysis of planar linkages has been broadly researched for several decades ([1, 2]). Solutions
have been obtained for a specific type of linkages (Specific Purpose – SP) or for broad families of
mechanisms (General Purpose – GP) using both, analytical and numerical methods implemented on
computers ([3]).

Several authors developed GP divide and conquer programs in which complex linkages can be
achieved by dividing them into simpler sub-chains (modules) that are analyzed applying analytical or
numerical procedures. This is the basis of the so-called “modular approach” which is reported to be
computationally efficient and flexible ([3]).

Disaggregation into Assur groups is an accepted basis for modular approaches ([2]) which is directly
related with the kinematic and dynamic properties of the mechanism ([4]). Numerical solutions are
customary in kinematic (position) analysis of mechanisms ([2]).

This paper presents a improvement on the kinematic analysis of the third class Assur group with
rotational pairs. The contribution is based on a numerical solution in which the Assur group is
virtually disaggregated into dyads ([5]). Two novel considerations are introduced to avoid numerical
issues of the previous approaches:

1. non-valid configurations of the numerical solution are filtered out using a configuration parameter
γ, and

2. two decomposition directions are implemented to configure the virtual dyads.

(1) and (2) result in an extension of the solution range with respect to previous solutions. Additionally,
a formal mathematical proof of the number of possible solutions to the problem is developed. These
contributions represent not only an advance for the modelling of the third class Assur group but for
the high-class Assur groups to which the numerical strategy can be extended.
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