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Abstract—Three-dimensional measurement has taken an
important place in the production systems. Indeed, the economic
viability of automated means of production requires a rigorous
and automatic control of manufactured products. That is to say,
the quality of machining required, now, automatic monitoring
means of tools and measuring dimensions during production.
The evolution of modern machines tools led to an integration of
measurement and control directly in the cycle of manufacturing.
We present in this paper a comparative study of three-
dimensional measurement of different geometric specifications
between a coordinate measuring machine "CMM" and machine
tool.
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l. INTRODUCTION

Dimensional and geometric measure occupies the vast
majority of control and metrology services of the companies.
These techniques have been the last thirty years undergo a
rapid development with the advent of the coordinate
measuring machine. It helped to provide production
workshops efficient and automated measuring means. The
coordinate measuring machines, CMM, appeared in the
1970s. They then evolve during all these years both on the
mechanical part and the software side. Long, the CMM had
its place in an air conditioned room (stable thermal and
vibrational level), metrology laboratory. Currently, with the
mechanical and software developments, MMT find their
place in environments more "hostile" as the workshop, or
directly on the production lines. As the three-dimensional
measurement of CN machine tools grows increasingly, thanks
to increased possibilities of Directors of CNC (DCN) and the
economic interests he represents. [1.2.3]

Il.  PRIINCIPLE OF THE THREE DIMENSIONAL
MEASUREMENTS
Traditional means of measurement are now supplemented
by three-dimensional measurement techniques that allow

access to the geometry of complex parts with high accuracy
and high speed. In the Three-dimensional metrology, the
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preferred tool of control is currently measuring ma-chine
(CMM).

From a cloud of points taken from a real curve (or surface
area), the software of the machine makes an identification of
the probed element. This operation consists in associating a
theorical curve (or surface area) and palped cloud of points,
the criteria of the association most commonly used is: the
criterion of least squares or Chebyshev criterion. The most
current Geometries in this field are the right plan, circle,
cylinder, sphere and cone [4.5.6]. The CMM consist mainly of
three measurement axes and a probing system with a contact
key attached to the end of the last axis. Depending on the
movements of the axes of measures which are related to the
rules of high precision measurement, it is possible to estimate
the coordinates X, y and z of the point of contact between the
touch probe and the measurement surface. The part to be
measured is mounted on a marble. The probe system
establishes a relationship between the physical contact of the
tip of the probe on the surface to be measured and the
displacement of the three reading Fig.1a.
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Fig.1 a) - Principle of CMM, b) - Measured point

To measure the shape of the surface of a piece positioned
on the CMM table, the pen button, which is a sphere of w;
center located at the end of the stylus, touch M; different
points on the surface to be measured (Fig .1 b). The control
system of the machine captures the coordinates of the center
of ;. According to the normal (to be estimated) to the surface
at the point M; and the apparent radius r; (calculated for each
orientation of each probe and stylus), the point coordinates are
calculated M; measured by the following equation: [7.8]
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[1l. THE DETERMINTION OF THE PARAMETRES OF
THEORETICAL FORMS

In the field of surface metrology, the performance of
control means are increasing in terms of accuracy and number
of measured points. The measurements are quantities subject
to disturbances difficult to synthesize and the information they
contain is difficult to use. We try here to show how to get the
parameters of the theoretical forms. All calculations are based
on the principle of optimization by the method of least-
squares.

A. Flatness

For flatness, we move from one-dimensional to two-
dimensional, the right plan Fig.2. For this we must calculate
the characteristic coefficients of the optimal plan, knowing
that his equation in space is written as follows. [9.10]
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Fig.2 Theoretical Reference For The Flatness
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It is therefore about determining coefficients A, B, and C
according to relations:
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B. Cylindricity

In this section, we present the cylindrical Fig.3. We recall
the equation of a cylinder centered: [10]

(x —a)? + (y — b)* = D? (6)
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Fig.3 Theoretical Reference for the cylindricity
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IV.EXPERIMENTAL

We propose, in this second part, to evaluate the three-
dimensional measuring geometric specifications by two
machines (CMMs and NC machine tool). As a first step, we
measure the flatness of a standard room and the cylindricity of
a standard bore. This is why the tests are performed by the
MP700 probe system which is installed on our machine tool
numerical control, and a coordinate measuring machine
[11.12.13.14.15]. So we must perform the following steps:

= Select the form control (flatness and cylindricity Fig.4-a
Fig.5-b)

= Gridline the surface according to the dimensions of the
parts;

= put down the piece on the machine table;

= Palpate the room (about 20 points palpated for flatness and
27 points for cylindricity);

= ldentify the coordinates of the probed points and enter
them into tables;

= Validate the control treatment.
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RENISHS

Fig.4a) - Measurement of flatness b) - Measurement of cylindricity

IV. RESULTS AND DISCUSSIONN

A.Results of measurement

Figures 5 and 6 summarize shown the flatness
measurement by CMM and NC machine tool
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Fig.7 Optimal surfaces measured by CMM
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Fig.6 Optimal surfaces measured by CN machine tools
Figures 7 and 8 summarize shown the cylindricity

measurement by CMM and NC machine
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Fig.8 Optimal surfaces measured by CN machine tools
"a) - measure 1, b) - measure 2"
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B. Discussion of results

It is noted that the measurement of the flatness defects gives
following form:
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Fig.9 Measured deviations from flatness "a) - MMT,
b) - NC Machine tool"
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Fig.10 Measured deviations from flatness “a) - CMM,
b) - NC Machine tool"
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If the measurement results of the flatness between CMM
and comparing NC Machine tool, respectively is obtained a
83.4% decrease of deformity. On the other hand, we can say
that the deformity in the case of measuring the roundness is
reduced by 86.33% between NC Machine tool and CMM. So
measuring a geometric specification by the three-dimensional
machine is more accurate than measuring by the machine tool
CNC. (Table.1 and Table.2)

Table.1 Default measurement from CMM.

Form errors mini, mm Form errors maxi, mm
CMM
Measure 1 Measure 2 Measure 1 | Measure 2
Flatness 0.0001 0.0001 0.0121 0.0117
Cylindricity 0.0031 0.0005 0.0326 0.0373

Table.2Default measurement from CN machine tool

Form errors mini, mm Form errors maxi, mm

CN
machine tool
Measure 1 Measure 2 Measure 1 | Measure 2
Flatness 0.0043 0.0039 0.0768 0.0644
Cylindricity 0.0089 0.0217 0.2782 0.1911

VI. CONCLUSION

We conclude the presence of a probe Renishaw MP700 on
our machine tool numerical control <EMCO PC Mill 155
«enables real metrology operations, similar to measuring
machines. However, it can also perform measurements which
are very useful to improve productivity. Thus this system
costs 20 times less than three-dimensional measuring
machine. It is also observed in all cases of measurements, a
significant gain deformity between the measurement by the
two «CN machine tools and CMM "machines. Measured by
CMM is more accurate than the measurement error due CN
machine tool behaviour of the geometric and kinematic
structure of the CN machine tool combined mechanical,
thermal and inertial stresses developed during the machining
operation. If known, they can be compensated by means of a
module internal or external control that can integrate into the
CN machine tool.
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