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Preface

The material presented in this book is based on the author’s past
experience, initially in the ball bearing industry and later in the air bearing
and machine tool industries. In developing high- and ultra-precision
bearings and machinery it became clear there was very little in the way of
guidance for machine designers needing to achieve extreme precision or
low motion errors. Yet over the last four or five decades this has become
an increasingly important aspect of performance relevant to a growing
number of new bearing applications in the computer, electronics and
optical industries.

Traditionally, books on bearings have tended to emphasise the load
carrying capacity and/or life aspect of performance where the failure
criteria are generally related to wear, fatigue or seizure mechanisms. In
ultra precision machinery, running accuracy, stiffness, damping and heat
generation are more relevant bearing performance parameters, and
bearing life may be limited by deterioration in any of these. As a result,
this book primarily aims to provide a basic understanding of the
mechanisms upon which these parameters depend for a range of ultra
precision bearing types. The mechanisms identify most, if not all, of the
influencing variables and at worst, enable the machine designer to make
an informed judgement about a particular design scenario. But in many
cases the mechanisms are used to develop reasonably accurate analytical
formulae that enable the bearing or machine performance to be
determined and optimised at the design stage.

In real machinery the freedom to select or design bearings is usually
restricted by practical constraints such as, for example, space, aspect
ratio, ease of assembly and access. In addition, the bearing design process
is often a compromise requiring a trade off between dissimilar parameters
such as stiffness and heat generation. Thus, in many applications, the
challenge is to find the most suitable bearing rather than a mathematically
optimised design. For this reason the preferred approach, adopted in this
book, is to provide the designer with a calculation that they can use for
their situation rather than standardised design charts.
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I Ultra Precision Bearings

A running accuracy of 0.1um peak-peak is used as a criterion to
distinguish ultra precision bearings from other types. Effectively this
limits the book to the rolling bearings — single-row radial and angular
contact ball bearings; hydrostatic and aerostatic externally pressurised
fluid film bearings; hydrodynamic and aerodynamic herringbone and
spiral groove fluid film bearings. For the fluid film bearings, the analysis
is focused on the simple geometries, circular or annular pad and
cylindrical journal that are most easily manufactured to high precision
and are hence most widely used. But the basic principles apply equally to
conical and spherical bearing forms.

Encouragement to write the book has come from colleagues in the
precision machining industry, friends and family, particular thanks go to
Professor Eric Marsh of Penn State University for many helpful comments
and suggestions. Acknowledgements also go to my son David, who has
programmed many of the bearing calculations and my daughter Amanda
who has helped with illustrations and diagrams. Last but not least is my
wife Vivien, without whose patience and understanding, the book would
not have been completed.
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