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ABSTRACT

This book presents the main methods and techniques for measuring and
monitoring the accuracy of geometrical parameters of precision Computer
Numerically Controlled (CNC) and automated machines, including mod-
ern coordinate measuring machines (CMMs). Standard methods and means
of testing are discussed, together with methods newly developed and tested
by the authors. Various parameters, such as straightness, perpendicularity,
flatness, pitch, yaw, roll, and so on, are introduced and the principal pro-
cesses for measurement of these parameters are explained. Lists and tables
of geometrical accuracy parameters, together with diagrams of arrange-
ments for their control and evaluation of measurement results, are added.
Special methods and some original new devices for measurement and mon-
itoring are also presented. Information measuring systems, consisting of
laser interferometers, photoelectric raster encoders or scales, and so on, are
discussed and methods for the measurement and testing of circular scales,
length scales, and encoders are included. Particular attention is given to
the analysis of ISO written standards of accuracy control, terms and defi-
nitions, and methods for evaluation of the measurement results during
performance verification. Methods for measuring small lengths, gaps, and
distances between two surfaces are also presented. The resolution of mea-
surement remains very high, at least within the range 0.05 um to 0.005 pm.

The problem of complex accuracy control of machines is discussed
and different methods for accuracy control are described. The technical
solution for complex measurement using the same kind of machine, as a
master or reference machine, together with the laser interferometer and
fiber optic links is presented.

Comparators for the accuracy measurement of linear and angular
standards are described, and the accuracy characteristics of these stan-
dards are investigated. Accuracy improvement systems using machines are
described and examples are given showing the suitability of mechatronic
methods for high-accuracy correction and measurement arrangements.



The effectiveness of the application of piezoelectric actuators is
demonstrated using the construction of a comparator for angular measure-
ments as an example.

Some mechatronic methods for accuracy improvement of multi-
coordinate machines are proposed. These methods control the accuracy
of the displacement of parts of the machine, of the transducers or the final
member of the kinematic chain of the machine, such as the touch-probe
or the machine cutting tool. Some categories of errors may be improved
by numerical control means, because they are determined in the form of
a graph with some peaks along the measuring axis running off accuracy
limits. These points, as numerical values, are provided as inputs to the
control device or to the display unit of the transducer and can be cor-
rected at appropriate points of displacement. The idea is introduced for
accomplishing the correction by calculating the correctional coefficients
in all coordinate directions and the correctional displacement to be per-
formed using the last (conclusive) part of the machine. For example, the
last mentioned part may be the grip of the arm of an industrial robot, the
touch-trigger probe of a CMM (measuring robot), the cutting instrument
or the holder of metal cutting tools, and so on. In this case piezoelectric
plates, in the form of cylindrical or spherical bodies, may be incorporated
into the last machine member for this purpose.

The experience gained by the authors working at industrial plants and
universities, performing EU research projects and international RTD pro-
jects, is used throughout the book.

KEYWORDS

monitoring, measurement, machine monitoring, calibration, performance
verification, coordinate measuring machines, linear scales and transduc-
ers, circular scales, nano-displacement
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CHAPTER 1

MONITORING OF PROCESSES,
SyYsTEMS, AND EQUIPMENT

In this chapter, the methods and means for the monitoring of tech-
nical parameters of machines are presented. The mutual interaction
between the measurement and monitoring procedures is discussed,
and the different levels of monitoring the parameters of a machine
are considered in terms of the global, local, and component levels.
The importance of sampling procedures is introduced and various
sampling strategies for the dimensional measurement of the geomet-
ric features of coordinate measuring machines (CMMs) and other
machines are discussed.

The importance of determining the information quantity on an
assessed object is illustrated; thus providing more complete measure-
ment during the calibration process. Systematic errors and uncertainty
in the calibration of linear and circular raster scales are included and
probability theory provides a statistical means for evaluating the results
of measurement by selecting the pitch of measurement, assessing the
set of trials, calculating the mean value of estimates, and evaluating the
dispersion at the probability level chosen. The general process presented
here provides information on the conditions of measurement performed,
as it includes sampling, together with systematic error and uncertainty
evaluation.

1.1 INTRODUCTION

The Concise Encyclopedia of Condition Monitoring [1] gives an explana-
tion for the main terms and expressions used for the monitoring process.
On the basis of the Concise Encyclopedia, system monitoring could be
expanded to include a wider scope of the monitoring process. It would
include features covering both an upper and a lower level of monitoring.
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It can be treated in terms of global, local, and component levels of mon-
itoring. The global level includes space and world phenomena, including
space satellites and probes, earth and planet investigations, atmosphere
phenomena, and environmental processes. An industrial monitoring pro-
cess can be designated to the global level, followed by the system level,
plant level, and machine and equipment level as the components of
analysis.

Some authors [2,3] present the analysis of configuring a measurement
and monitoring system in the construction, machine engineering industry,
and other branches of industry and social activities. The monitoring sys-
tems are analyzed to detect the failure of the machine, control the level
of vibration, leakage in a water supply network, environment contamina-
tion level, and so on. A number of sensors are used within the system for
monitoring.

The methodology for measurement system configuration is based on
the choice of the system’s parameters to be controlled, the limits of the
parameters, sample selection, development of the measurement and/or
control system, including selection of sensors, selection of information,
processing of information, data transfer, and decision making. A general
diagram showing the mutual interaction between the measurement and
monitoring procedures is shown in Figure 1.1.

MEASUREMENT

I MONITORING ]

OBJECT

Sensors
data
acquisition
sample
paramcters
in control

= =

Testing Diagnostics  Verification

Figure 1.1. General diagram of mutual interaction of measurement and
monitoring procedures.



