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Abstract: This article discusses the issues of improvement of
estimation of shape defects of cylindrical partsin transversal cross
section. Texture constituents of shape defects are estimated using
Fourier analysis. It has been demonstrated that single constituents
can beanalyzed by Fourier transformation together with filtration
of error of locating. Using the developed software, a contactless
design is proposed for measurements and analysis of the
aforementioned parameters.
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I. INTRODUCTION

Continuously increasing requirements to quality of
manufactured products are related with the necessity to
improve their precision and reliability, production rate and
efficiency which are mainly determined by operationa
properties of their parts and units.

Operational properties of parts and units depend on
geometrical properties of conjugated surfaces (ellipticity, 3x,
4x faceting, etc.).

Due to the shape defects, two solid bodies always contact in
single points. As a conseguence of discrete analysis, high
specific pressures occur in contact points, which leads to
deformation of surfaces.

Theoretical and experimental results evidence that
operational properties of parts depend on quality of their
operating surfaces. In order to provide this or that operational
property, it is required to provide required properties of
surface.

In order to provide wear resistance of friction pieces, it would
be reasonable to form surface with minimum shape defects. If
the piece surface is characterized by minimum shape defect,
then, other conditions being equal, the wear of such piece will
be minimum.

The purpose of the work is as follows: solution of issues of
engineering support of shape defect is an urgent task
significantly effecting production processes. Anaysis of
available publications [1-3] demonstrates that a promising
approach is comprised of development and implementation
of control systems equipped with tools for direct control of
processing quality.
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Development of such systems is impossible without deep
knowledge of properties of controlled object.

[I. METHODS

A. General description

This work discusses development of estimation method of
shape defects, applicability of Fourier analysis [4] for
estimation of shape defects.

The following shape defects were analyzed in the work:
noncircularity and ellipticity of pieces achieved during
finishing operations of mechanical processing (finishing
turning, smoothing).

In the study, it has been established that the most applied
method of noncircularity measurement, i.e. measuring in
square [1-3], is hardly suitable for surfaces obtained upon
finishing since the error of basic surface overestimates the
measurements, as a consequence, the measured data exceed
the allowable values.

Similar situation takes place in the case of another production
method: rotation of piece in centers[1-3]. In this case, dueto
error of locating, a "false" noncircularity was obtained
exceeding alowance. The error of locating in this case is
comprised of noncompliance of central hole axis with
geometrical axis of the piece.

B. Algorithm

The software has been developed [5] which makesiit possible
to eliminate error of locating during measurement processing
and to determine actual profile of part including wavinessand
roughness. That is, disadvantages of the above measurement
methods are eliminated.

The software operates as follows: complex function of
current size variation preset in tabular form is measured by
Fourier series, which is the best approximation in the case of
periodic and cyclic processes (Fig. 1).
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Fig. 1. Replacement of current size P with Fourier series P
a) cross section contour; b) involute of cross section contour.

It should be mentioned that this replacement is not only
formal but reflects actual reason of occurrence of these
modifications.

Therefore, the function of current size preset in polar
coordinates can be presented in the form of the series:

f(p) =ay,, + Y (a, coskp+b, sinke)
k=1
where &y, is the zero term of the transformation; k is the
number of respective harmonics; a, by are the coefficients of
Fourier series of the k-th harmonics.
Instead of the series for actual purposes, it would be
convenient to apply trigonometric polynomial:

n
flp)=Coz + ch cos(p + ¢y )
k=1

where n is the number of higher harmonics of the
polynomial.

The variable ¢y, can be taken as average value of the
function f(¢e) during period T = 2r and is determined by the
distance from basic value of current size to median line of
profile deviation. Hence, ay;, is the deviation of size.

The first term of the transformation c;cos(e+¢;)
characterizes the distance from the center of rotation and
geometric center, that is, eccentricity. It indicates the
deviation of surface locating and expresses it quantitatively.
Subsequent terms of the polynomial starting from the second
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term characterize spectrum of deviation of part shape in
transversal cross section.

The second term characterizes ellipticity of the cross
section, the third term characterizes faceting with trimodal
profile, etc. Hence, the part cross section should be presented
by outlined contour with deviation of size with the center
deviated from geometrical center. The contour is dliptical
faceted with patterns with various number of tops. The other
terms characterize respective waviness and roughness.

1. RESULT AND DISCUSSION

Figures 2 and 3 exemplify deviations and size
transformation into Fourier series.
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Fig. 3. Signal transformation into Fourier series
Therefore, while performing harmonic analysis of measured
data, we obtain amplitude spectrum of harmonics contained
inthe seriest. It ispossible to highlight exactly the harmonics
which exert maximum influence on shape defects. Thus, it is
possible to determine the degree of this or that deviation of
shape (eccentricity, elipticity, faceting, etc.).

In order to obtain measurements, the following device was
developed for estimation of shape defect of rotational bodies
in transversal cross section (Fig. 4) [6].
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Fig. 4. Device for estimation of shape defect of rotational
bodiesin transversal cross section: 1 — basement; 2 —
mounting rack; 3 — support; 4 — sensor; 5- dividing

mechanism; 6 — measured part; 7 - PC.
Operationa principle of this device is as follows: the size
of the part 6 is measured by the optical sensor 4 and sent to
the PC 7 whereit is processed.

V. CONCLUSION

1. Data processing software titled "Analysis of shape
defects of rotational bodies' makes it possible to exclude the
influence of error of locating upon measurements of shape
precision.

2. The developed device for estimation of shape defects of
rotational bodies in transversal cross section based on
contactless measurements facilitates highly  efficient
measurement of the aforementioned parameters.
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