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Summary

This thesis addresses the growing “divergence” in the field of surface metrology
through the presentation of a practical system for unification. A technical and
economic review of applied surface metrology is presented, highlighting the problems
associated with the many advances in instrumentation - particularly in light of the
growing industrial dependence on surface metrology. This background serves as the
basis for the development of a scheme whereby surface specification, instrumentation,

and analysis can be concisely and completely defined and, more importantly,
controlled.

Several technical aspects of surface metrology are addressed in the development of the
scheme. First the topic of specification and reference geometries is addressed, where it
is argued that least squares methods should provide the most stable basis for
assessment. Stylus/radius convolution and the associated wavelength transmissions are
also considered and experimental investigations are undertaken as to describe their

influences on measured data sets. The treatment of unwanted asperities s investigated

and a new, robust algorithm developed and presented. The study of wavelength
limitation approaches concludes that a sub-set of current methods is technologically
acceptable and therefore economically attractive. A review of parameterization

concentrates on a means for selecting a “unified” set of parameters and guidelines for
the incorporation of future parameters.

Finally, it is shown that the this proposed scheme addresses the underlying divergence
in surface metrology in a manner which is practical in the context of application,

technically justified in the context of standardization, and extensible in the context of
further research.
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The field of surface:metrology is at an important juncture:

In the midst of a rapid increase in the demands on surfaces, there has

been a corresponding increase in the methodologies available for the

assessment of these surfaces.

From one perspective this could be viewed as an ideal situation for those involved in

applying surface metrology in an engineering context. However, the above view

misses the underlying significance of the situation.

In the midst of a rapid increase in the demands on surfaces, there has

been a corresponding “divergence” in the methodologies available for

the assessment of these surfaces.

The surface metrology community is now in an era where nearly every conceivable
means of sensing surface geometry is actively being developed. In addition, the

approaches which have been historically used for measuring surfaces are being
significantly refined and extended to encompass a much broader range of capabilities.
Furthermore, the incorporation of general purpose computers into measuring systems
has added a tremendous amount of flexibility in data manipulation (Kinsey and
Chetwynd 1973). This has, in some cases, lead to better mathematical representations

and, 1n other cases, further confusion about the numerical results obtained from the

instruments (Whitehouse 1982). All of these developments have contributed to a

divergence in the field of surface metrology. Instruments with different sensing

mechanisms, different bandwidths and different data processing are said to be

measuring the same surface attributes.

At the same time as these changes in instrumentation have been taking place, industry

has been reducing tolerances to the point where surface metrology has become more

important than ever (see, for example, Taniguchi 1983). These measurement methods
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divergences and the demand for the tighter control of surface features are clearly

incompatible.

In industrial applications of surface metrology, there are two viable options: 1.) Ignore
measurement technology developments or only conservatively employ them for the
purpose of maintaining historical consistency, or 2.) develop a scheme in which
uniformity can be established between instruments and the handling of their data. The

former carries the potential cost of missing out on economic and technological benefits

often associated with surface metrology advances. This thesis addresses the latter.

In this introductory chapter, some of the factors which are leading to this divergence
will be presented. It is, however, important to recognize that these factors should not

be viewed negatively - they, in many cases, represent significant advances in
instrumentation. Nonetheless, this divergence in surface metrology will be viewed

from a historical as well as technological perspective.

1.1  Surface Features and Standardization

Historically, the function of a component was thought to be related to its “fit, form and
finish” even though the boundaries between these regimes was often quite vague.
Instrumentation was developed which would specifically target one of these areas and

associated standards would be developed based on the capabilities of that particular

instrumentation (Whitehouse 1990). The concept of an intermediate wavelength

surface attribute “waviness” seemed to follow behind the development of roughness

and form measurement (Reason 1965).

Today’s terminology tends to refer to “size, orientation, form errors, waviness and
roughness” as the primary metrological aspects associated with surfaces. The
measurement of size and orientation is addressed in the field of dimensional metrology
(Busch 1989) and is important in understanding many static, functional aspects

including “fit”. Roughness, waviness and errors of form are addressed by surface
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metrology and are generally (although not exclusively) attributed to the more dynamic

aspects of component interfaces such as “sliding and loading” (Whitehouse 1994).

The specific boundaries between “roughness”, “waviness” and “form errors” are rather

ambiguous although they are often spoken of as separate wavelength regimes. In a
general sense, roughness, waviness and form errors are defined based on the specific

application (Thomas 1982). The analogy of a road and car could be considered as an

example of relatively long wavelength attributes.

In this scenario, form errors could be the hills and valleys in which the car travels -
made up of wavelengths that are longer than the car itself. Waviness could be

thought of as the local variations or humps in the road which include wavelengths a

few times longer than the tire contact area up to a few times longer than the car - this
wavelength regime is associated with the general “ride or comfort” of travel.
Roughness could then be viewed as rocks and pits in the road’s surface which
generate wavelengths smaller than the contact area of one of the car'’s individual tires

and ultimately influence such aspects as “tire wear” or “road noise”.

At the other extreme it is not uncommon to find surface metrology applications
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