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Chapter 1

Introduction

Manufacturing could be described as a set of operations and activities performed in order
to make a final product. It involves a product design, planning, production, assembly,
inspection and marketing.

Computers have been used in the manufacturing process for many years. It started in
the late 1960’s when they were applied to direct control of groups of machine tools [25].
Later the concept of the Flexible Manufacturing Cell (FMC) was introduced. The FMC
defines a group of semi-independent workstations linked by the material handling system.
This design allows a production of a variety of different items automatically. The increase
in computational speed of modern CPUs caused a rapid advancement in development of
Computer Integrated Manufacturing (CIM) systems. This approach allows a fast and
integrated flow of manufacturing activities. The process of making a part has become
fully automated which has contributed to improvement in quality and efficiency.

There has been a significant technological advancement since the introduction of the
first commercial robot for automated assembly in the 1970s. The modern manipula-
tors are faster, more reliable, and cost effective. High performance and a considerable
drop in prices has contributed to a significant increase in industrial application of robots.
According to the United Nations Economic Commission for Europe (UNECE) report,
year 2001 was a record year for robotic investments in Europe [38]. Currently there are

about 838,400 units working in industry worldwide [39] and the number of installations
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by the author’s suggestions for future work to further improve the controller’s perfor-
mance.

The results in the form of tables and graphs are included in the thesis’ appendices.
Each main part of the thesis is preceded by a short introduction describing its content.

The discussion and author’s comments are included in the last section of each chapter.



Chapter 2

Intelligent motion control

In this chapter the previous research on intelligent robotic assembly will be presented.
This also includes the definitions of the admittance mapping and both linear and non-
linear compliances. The last section embodies a discussion of the advantages and disad-
vantages of the presented methods. According to the author’s best knowledge the research
results enclosed in this chapter represent the state of the art of the intelligent assembly
process. The presented work was an inspiration to build the improved version of the

controller.

2.1 Admittance mapping

Admittance (A) is the ratio defined as follows:

-—

7= A(f) 2.1)

It describes the relationship between forces ( f) acting on the end-effector and resulting
velocity (7). Thus the admittance matrix could be used to correct the velocities based on
acting forces.

Asada in his paper [1] considered both linear and non-linear admittances. First the
box palletizing task was analysed as an example of linear compliance. The aim was to

place the rectangular box into a corner of the large box. As shown on the picture (see
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