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Abstract

The traditional methods used for the measurement of cylindricity do not
always provide us with complete qualitative and quantitative data about
the whole surface of an object, particularly in the case of local difficult-to-
detect irregularities. The combined method involves measuring roundness
profiles in several transverse sections as well as straightness profiles in
several longitudinal sections. In conventional instruments, the measuring
sensor moves along the object axis, so straightness profiles of the
generatrices of the cylindrical surface are seldom measured. The combined
measurement is possible thanks to a specially developed measuring system
basing on a new mathematical model and calculation procedures.

Keywords: combined method, cylindricity measurement, straightness
measurement, roundness measurement.

Kombinowana metoda pomiaréw okragtosci
i prostoliniowosci do oceny zaryséw
walcowosci czesci maszyn

Streszczenie

Dotychczas stosowane metody pomiaru walcowosci nie zawsze podawaly
pelna informacje¢ jakosciowa i ilosciowg o calej badanej powierzchni,
zwlaszcza gdy pojawiaja si¢ znaczne lokalne nieréwnosci, niekiedy trudne
do wykrycia. Metoda, ktora moze by¢ wykorzystana do tego typu ocen jest
kombinowany sposob, umozliwiajacy pomiar zaryséw okraglosci w kilku
przekrojach poprzecznych przedmiotu, a nastgpnie pomiar zarysow
prostoliniowosci w kilku przekrojach wzdtuznych. Dotychczas stosowano
glownie przyrzady, ktére umozliwiaja kontrolowany przesuw czujnika
pomiarowego wzdhuz osi sprawdzanego przedmiotu. Natomiast pomiar
prostoliniowosci tworzacych powierzchni¢ walcowa byl stosowany
sporadycznie. W zwigzku z tym opracowano uklad pomiarowy, ktory
umozliwialby pomiar wyzej opisana metoda kombinowanga. Dla tej metody
rozbudowano model matematyczny, ktory stal si¢ podstawa opracowania
procedur pomiarowych umozliwiajacych zbudowanie  programu
komputerowego.

Slowa kluczowe: metoda kombinowana, pomiar walcowosci, pomiar
prostoliniowosci, pomiar okragtosci.

1. Introduction

The assessment of surface geometry of products is an important
problem in basic experimental research as well as in practical
measurements because form deviations may affect the dynamics
of elements in contact. In the engineering industry, the main aim is
to minimize form errors of cylindrical surfaces. It is significant
both in the case of rotary drive elements such as rolling and
sliding bearings or machine-tool spindles as well as in the case of
non-rotary elements moving linearly, for instance, an engine
piston.

The accuracy of cylindrical elements have usually been
assessed basing on the roundness deviations measured in several
cross-sections. Since the operation of elements in contact can be
affected by deviations from cylindricity, it is necessary to assess
the analyzed element by means of parameters that refer to the
whole surface. Specialized measurement systems need to be
applied so that high accuracy is assured and boundary values of
cylindricity deviations are satisfied.

2. State of the art

The sources relating to the measurements of form profiles of
rotary surfaces are relatively limited. They are concerned mainly
with the methods of measurement of changes in the radius, which
do not provide complete information about the analyzed surface.
The research on the subject is being conducted mainly outside
Poland by centres cooperating directly with the leading
manufacturers and standards institutions [1, 2, 3, 4, 5]. The Polish
research centres dealing with the problem include the Warsaw
University of Technology [6, 7] and Kielce University of
Technology [8, 9, 10, 11]. All the studies have focused on
developing computer-based systems for measuring cylindricity by
means of several parameters. It has been reported recently,
however, that the systems do not enable complete visualization of
the measured profiles and the values of the parameters are
sometimes unreliable. The problem was pointed out in the latest
standard documents - ISO [12, 13]. It is recommended that the
proposed method, called the bird’s cage method, be applied in the
research project. To apply the method it is necessary to analyze
the problem theoretically and experimentally. The authors of the
project recognized the problem, too, as their cooperation with
a number of manufacturers of cylindrical products concerns the
theoretical and practical implementation aspects of the reference
and non-reference methods of roundness measurement (e.g.
research projects No 7T07D04008 and 7T07D00617 financed by
the State Committee for Scientific Research) and cylindricity
measurement (statutory research projects). Of importance is also
the cooperation with companies specializing in the modernization
of equipment for measuring and assessing cylindricity profiles.
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3. Principles of measurement of cylindricity
profiles

In industrial practice, cylindricity profiles are measured with the
radial — non-reference — methods. They are assessed basing on the
results of roundness profiles. As the object axis constitutes the
measurement basis, it is necessary to apply instruments with
a rotary spindle or table. The measurement accuracy of traditional
instruments is less than 0.1 pm, and the measurement process
involves labour-intensive activities related to the centering and
alignment of the element measured. Today, non-reference
instruments are frequently incorporated in computer-based
systems for processing measurement signals, which facilitate the
object positioning on the measuring table and considerably
improve the measurement accuracy to 0.03 um. Non-reference
instruments with a vertically adjustable sensor are reported to be
particularly useful. Still, the assessment of cylindricity is labour-
intensive, as it involves performing complex calculations of the
particular roundness profiles. Moreover, it is not possible to
represent the cylindricity profile graphically.

Under industrial conditions, cylindricity is assessed by
measuring three particular cases - barrel shape, saddle shape, and
conicity; the results, however, are frequently unsatisfactory. Now
computer-based facilities are commonly applied to measure
cylindricity profiles. The measurement is performed basing on
a selected parameter. Roundness profiles are measured in n-cross-
sections to the object axis (see Fig.1), and the analyzed surface
can be represented graphically in any plane section.

a)

0 - 0.0°

Fig. 1.  Graphical representation of the measurement results obtained with
the cross-section method: a) cylindricity profile; b) central line
of the cylinder

Rys. 1. Graficzne przedstawienie wynikow pomiaru walcowosci metoda
przekrojéw poprzecznych: a) zarys walcowosci; b) linia srodkowa
walca

The computer software is also suitable for assessing cylindical
surfaces basing on the straightness profiles measured in n-cross-
sections transverse to the object axis.

The other methods recommended for cylindricity measurements
such as those performed in relation to the object helix or at
n-points around the object surface are not popular with
manufacturers. The experiments described in Ref. [14] (Research
Project No T07D00617 financed by the State Committee for
Scientific Research) involved comparing cylindricity profiles
obtained by means of the non-reference (radial) method with those
obtained by applying the reference (three-point) method. The
qualitative and quantitative data were not complete, especially in
the case of local difficult-to-detect irregularities (see Fig. 2).
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Fig.2. Comparing the cylindricity profiles obtained in the non-reference
(radial) measurement with those obtained in the reference (three-point)
measurement

Rys. 2. Poréwnanie zaryséw walcowosci uzyskanych metoda bezodniesieniowa
(promieniowa) i odniesieniowa (tréjpunktowa)

Manufacturers of machine components which are cylindrical in
shape (the bearing and automotive industries) expect researchers
to develop a new measurement method so that a cylindrical
surface can be graphically represented in as complete a way as
possible and assessed reliably by means of the predetermined
parameters.

4. The principle of measurement with the
combined method

According to the project authors, the combined or bird’s cage
method is suitable for this type of assessment. When an object is
placed on the measuring table, first its roundness profiles are
measured in several cross-sections in planes perpendicular to the
object axis, then the object straightness profiles are assessed in
several cross-sections in the plane going through the object axis.
Traditionally, cylindricity has been assessed with instruments that
enable a controlled shift of the sensor along the object axis. The
straightness of the generatrices of the cylindrical surface to be
assessed has been measured occasionally, and this is due to the
fact that most of the instruments employed for the purpose are not
able to precisely control the rotary motion of the object. It is
necessary to develop measuring systems in which the sensor
rotations and shift along the object axis are controlled by the
computer. A measurement performed with such a system will
enable complete visualization of the whole surface. Developing
the computer software requires formulating a mathematical model
and preparing appropriate calculation procedures. These will
constitute the theoretical and experimental basis of the non-
reference (radial) measurement of cylindricity profiles for the new
method of combined straightness and roundness measurement.
Solving these problems is essential to meet the requirements of
industry, especially those relating to the manufacture of
cylindrical components used in mechanical devices that guarantee
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the correct functioning of machines, e.g. bearings, motor engines,
drive systems).

5. Problem solving

A mathematical model has to be formulated for the new
method. It is necessary to combine the measured profiles of
roundness and straightness into one profile of cylindricity.
Accidental errors resulting from the occurrence of measurement
noise or instrument defects have to be taken into account. One of
the achievements in the problem solving process was the
development of a special method for profile filtration. It is known
that a measured profile consists of form components (cylindrivity)
as well as waviness components. Therefore, the filtration
algorithm needs to be a two-dimensional algorithm so that
filtration is performed both around the circumference and along
the axis of the cylinder. To assess the cylindricity deviation, it is
essential to formulate the relationships and algorithms for
determining the associated and derivative elements (associated
cylinder—derivative axis). Two types of associated elements will
be analyzed: the least squares and the minimum zone. The authors
aim to formulate the theoretical basis of the assumed parameters
and methods of profile filtration. The specially constructed
computer-based facility equipped with a traditional instrument for
measuring cylindricity profiles is suitable for experimental
verification of the theoretical considerations and computer
simulations. The object rotation will be controlled with the
computer. The information about the recorded surface
irregularities will be obtained by means of a high-resolution
inductive sensor system. The computer-based measurement
system will be tested statistically. Special computer programs will
be used for assessing the measuring capacity and accuracy of the
system. Measurement results will be compared with those
obtained with traditional methods. The experiments will also
involve applying modern measuring systems for cylindricity
profiles equipped with high class instruments such as Taylor-
Hobson Talyrond 200 and Talycenta operated with the CYFORM
program (see Fig. 3).

Fig.3. Taylor-Hobson Talycenta incorporated in the developed computer-based
measurement system.

Rys. 3. Przyrzad Talycenta (producent - firma Taylor-Hobson, Wielka Brytania)
umieszczony w skomputeryzowanym systemie pomiarowym

The statistical analysis will be conducted by applying specially
developed software. It will be possible to determine the accuracy
of the new measurement system and the degree of coincidence
between the profiles.
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6. Conclusion

The construction of the computer-based testing facility
discussed in the paper is a measurable and well documented
scientific achievement on a national scale. The computer software
developed for the facility, the assumed methodology and
procedures will constitute the basis for future measurement
systems of this type. They will be able to provide complete
qualitative and quantitative data concerning cylindricity profiles
being analyzed. The next stage of research is to develop the
methodology for testing the systems to be implemented. Of
particular importance is the visual and parameter-based
comparison of form profiles obtained with different instruments.
The main aim is to implement the research results, particularly, the
measurement methodology, procedures and computer software, in
companies manufacturing rolling bearings and other components
with rotary surfaces. Measurements of form profiles based on
selected parameters will be characterized by higher accuracy. It
will also be possible to visualize a profile by rotating and tilting
the image.

The paper was presented at the 3™ International Conference on
“Metrology in Manufacturing Technologies” at Biatystok
University of Technology in September 2007
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