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Abstract. The aim of the experiment described in the paper was to determine the possibility of
using an optical 3D scanner to measure the macro-geometry of cutting tools. To verify this
possibility, a precise component was measured, and the accuracy of optical 3D scanner was
compared to a tactile coordinate measurement machine. A precise cemented carbide rod was used
as a reference part and the measurement data were compared with the measurement result from
the ZEISS Prismo coordinate measurement machine. The data obtained from the measurements
were evaluated and compared. The experiment was carried out so that the use of an optical 3D
scanner to measure cutting tools could be verified based on the desired requirements. Both
dimensions and geometrical tolerancing — circularity were measured. The experiment has shown
that an optical 3D scanner can achieve sufficient accuracy for the purpose of measuring
macro-geometry of cutting tools.
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1. Introduction

The article contains the methodology of the experiments that have been carried out. The
purpose of the described experiment was to verify the possibility of using the optical 3D scanner
GOM ATOS Triple Scan for measuring the macrogeometry of cutting tools. Another reason was
to find out what degree of accuracy can be achieved with the optical 3D scanner. There were some
publications dealing with similar research, but the authors applied other devices or other
measuring principles [1, 2]. To find out what accuracy could be achieved, the component was first
measured on a ZEISS Prismo coordinate measuring machine. This machine operates in a climate-
controlled laboratory with constant temperature and humidity. While coordinate measuring
machines are not commonly used for the measurement of cutting tools, there has been some
research conducted in this area [3,4]. In the experiment there was a need to obtain highly accurate
data about the measured component which was a carbide rod that fulfils specific material
properties making it suitable for the experiment. The obtained results confirm that the use of an
optical scanner for measuring cutting tools may be appropriate.

Nowadays there are many methods available that can be used to measure the geometry of
cutting tools, especially cutting mills. In general, these methods can be divided into two main
categories - contact methods and non-contact methods. Macrogeometry of the tools can be
measured with coordinate measuring machine and microgeometry of the tools can be measured
with tactile contour measuring systems. The main disadvantage of the contact methods with
respect to optical methods is long time required for a measurement; on the other hand, contact
methods are much more accurate. Therefore, several authors deal with the possibilities and
achieved comparable accuracy of contact methods using non-contact optical methods [5, 6]. Many
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technologies have become increasingly popular recently in the field of optical measurement, for
example, methods based on interferometry, confocal microscopy, chromatic probe microscopy,
and scanning electron microscopy. The author Gapinski et al. compared coordinate measuring
machines, optical 3D scanners, and computer tomography for measurement of the aluminum cubic
component with simple geometric shapes. The main issue of their research was with measuring
holes with small diameter and deep holes, which could not be captured at all with optical 3D
scanner [7]. Similar research was done by authors from the Slovak University of Technology, on
the Faculty of Materials Science and Technology. In this publication authors found that with
optical 3D scanner and measuring volume MV170 (170x130x130 mm) and MV100
(100x75x70 mm), the result was not satisfying for the measurement of cutting tools. With
measuring volume MV38 (38x29x5 mm), the results were sufficient to measure the geometry of
the tools, but these results were not verified by another device [8, 9]. One of the factors that affects
the measurement of an object are the tribological characteristics of the surface. It is not possible
to measure reflective or glossy surfaces with an optical 3D scanner without applying matte coating
on the surface. The research by authors Mendricky and Langer investigated how the surface and
material of the scanned object influence the accuracy of optical 3D scanning result. In their
research, they compared 28 examples from various materials which were printed on 3D printer or
machined on CNC milling machine. If the surface does not have a matte finish, the obtained result
can be distorted, often by a as much as one tenth of a millimeter [10]. They also investigated
another important parameter of optical 3D scanning, which is clamping that can influence the
results mainly in the case of measuring large and flexible parts [11]. It was found that the use of
titanium powder is most suitable for measuring objects with high precision [12]. The surface of
the object is not the only parameter that affects the measurement on the optical 3D scanner, there
are more parameters that can be influenced by the machine operator, and there are some
parameters that result from the process itself and cannot be influenced at all [13, 14]. Measuring
devices are not only used for obtaining macrogeometry data but also for microgeometry and even
the wear of the cutting tools. The results obtained with measuring are then used to evaluate the
tool wear conditions during or after the cutting process [15]. An optical 3D scanner is not the only
noncontact method that can be used to measure cutting tools. Authors Jang et al. used in their
research a laser beam focused through the objective lens for the measurement of diamond cutting
tools [16]. Nowadays, they are more often used for measuring macro-geometry and
microgeometry devices based on the technology of Focus-Variation. There are more publications
that confirm that these methods are very suitable for measuring cutting tools from the point of
view of wear, macrogeometry and microgeometry [17, 18]. Measurements on a micro-milling
cutter demonstrate the ability to measure even tools with diameters below 100 um. In addition to
form measurements, roughness measurements are also applicable due to the high measurement
point density of focus-variation [19].

2. Materials and methods

Measurement of the carbide rod was performed on the Zeiss Prismo CMM machine and the
GOM ATOS Triple Scan 3D optical scanner. Alongside the measurement of the diameter of the
carbide rod, the circularity was also measured. A series of five measurements of the diameter of
the rod was made in increments of 4 mm, starting 2 mm from the top of the rod.

2.1. Carbide rod

The component for use in the experiment was a cemented carbide rod with a diameter of
10 mm and a tolerance of h5, as specified by the manufacturer Ceratizit S.A. The reason for
choosing the carbide rod was that it is of simple enough shape to be measured by a wide variety
of measuring systems that are available at the Slovak University of Technology, on the Faculty of
Materials Science and Technology, and its shape resembles the cutting tools that are often
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measured for other experiments that take place at the faculty laboratories. Another reason was that
the cemented carbide material is stable with respect to temperature, having very low thermal
expansion properties [20], as not all measurements were carried out in controlled laboratory
conditions.

2.2. Ultrasonic cleaning

Before each measurement, the carbide rod was repeatedly cleaned in the ultrasonic cleaner.
Rod was completely submerged in the isopropyl alcohol solution. Ultrasonic cleaning removes
any excess mechanical particles that could be attached to the surface of the rod and negatively
influence the accuracy of the data acquisition process [21]. After cleaning, the rod was stored in a
plastic container that was cleaned beforehand. Special care was taken not to touch or interact with
the end of the rod that was going to be measured.

2.3. Measurement on Zeiss Prismo

The first set of measurements was performed on a ZEISS Prismo coordinate measuring
machine. This machine operates in a laboratory with a climate-controlled environment, with
constant temperature of 20 °C and humidity of 50 %. The software used to prepare the CNC
measuring program was Zeiss Calypso, as the measurement on the CMM was conducted in
automatic mode. This allows for very precise control over the measurement parameters. The
maximum device error allowed (MPEE) is 0,5 + L/500 um. The L parameter is measured length
and is stated in millimeters. Before measurement, the CMM was calibrated using a standard
reference sphere. The carbide rod was clamped in a three-jaw chuck, which was fixed to the table,
so that the measured object is as stiff as possible. During measurement, a ruby stylus 3 mm
diameter was used to collect point data from the rod surface. Setup can be seen in Fig. 1.

ke
Fig. 1. Measurement on the ZEISS Prismo

The measurement principles were established according to the measurement instructions of
ZEISS. According to these instruction, the correct parameters were chosen for the given purpose.
The measurement speed was 3 m.s™, minimum count of measured points on measured circle was
500 and the circle cutout was 360°. A software function was used to eliminate residual values as
well as filters to smooth out local extremes.

2.4. Measurement on GOM ATOS triple scan

Experimental work was carried out at the Centre of Excellence for Five-Axis Machining at the
Faculty of Materials Science and Technology in Trnava, Slovak University of Technology in
Bratislava. GOM ATOS triple-scan optical 3D scanning system was used for another set of
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measurements of the carbide rod. On the scanner head were installed 35 mm objective lenses and
the scanner was calibrated for the measuring volume MV38 (38x29x15 mm). Scanner has SO
(Small Objects) configuration with one projector and two cameras. The whole optical system had
to be warmed up first to be in operational condition. Warming up takes approximately 15 minutes.
The first step was the installation of the objective lenses and calibration of the chosen measuring
volume. A rotary table with a calibrating grid was used for the calibration process. The camera
focus and projector focus as well as the camera polarization filter were adjusted for the best
contrast of the rod surface. Parameters of the capture were set to full resolution, normal exposition
time, and high quality of scan. The preparation of the rod was identical to that for the touch probe
measurement; however, due to the use of structured light when scanning, the reflective surface of
the rod had to be made matte by applying titanium powder. Before the powder application,
calibrated reference points of 0.4 mm diameter were attached to the surface in such a manner that
they would not influence the diameter measurement. When the rod was prepared for scanning, it
was clamped in a three-jaw chuck attached to a rotary table. While the plastic chuck in which the
rod was fixed during the scanning process does not offer comparable rigidity compared to the
metal chuck used for the measurement on the CMM machine, it does not present an issue from
the standpoint of the measurement. There were no forces exerted on the rod during the scanning
and the relative orientation and positioning of the rod was calculated based on the position of the
reference points that were placed on the rod itself. The setup can be seen in Fig. 2.

Fig. 2. Measuring on the GM ATOS triple scan

The rod was tilted at an angle and rotated in increments to capture all reference points in the
limited measurement volume. Once the scan was complete, the obtained cloud of points was
exported into GOM Inspect software, where it was converted into a 3D model that could be
measured. Parameters of GOM ATOS Triple Scan measurement are listed in Table 1.

Table 1. Measurement parameters of GOM ATOS Triple Scan

Camera resolution Measuring volume Measuring point Measuring Camera
LxWxH [mm] distance [mm] distance [mm] angle [°]
5 Megapixels
(2448+2050) MV 38 — 38x29x15 0,0147 490 25

Consequently, the following steps were taken, such as removing redundant scanned features
and objects (e.g. chuck), standard mesh polygonization, and postprocessing with more details. As
a result of these steps, the digital model of the rod was exported in .stl (stereolitography) file
format. The diameter of the rod was evaluated in four sections which were constructed virtually
in the software at defined distances (2 mm, 6 mm, 10 mm, 14 mm) from the reference circular
plane on the rod as shown in Fig. 3. To each this section was fitted one circle using Gaussian
method of creation (least squares method) with 3 sigma used points (99,73 % of obtained points
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at specific section on the surface are used for evaluation and creation of the circle). Finally, the
circle was generated, and its dimensions and circularity were checked. GOM Inspect software was
used to evaluate these parameters.

Actual|  Dev.| Check
+9.99778 -0.00222

..... || Actusl| Dev. Check
+10.00000 4999748 -0.00252 [
00608

Dov. Check
B

B Homina i Actual  Dev.| Check
41000000 +9.99475 -0.00525
o

X

Fig. 3. Diameter dimensions in GOM inspect software
3. Results

All obtained data were evaluated and compared. On the basis of the technical parameters of
the measurement systems used in the experiment, it is clear that the most accurate result will be
produced by the touch probe measurement on the coordinate measuring machine. Therefore, the
values obtained on this machine were used as reference values to which optical 3D scanner was
compared.

3.1. Comparison of accuracy of different devices

Measured values of the diameter of the carbide rod in four distances from the top of the rod
are listed in Fig. 4. Each measurement was repeated five times on every distance with average
values and standard deviations calculated.
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9.999 1

é 9,998 1

z

S 9,997 -

=

S

9,996

[a]
9.995 1 I
9:994 2 6 10 14

= PRISMO 9,99676 9,99605 9.99550 9.99515

= ATOS 9,99741 9,99736 9.99622 9.99459

MEASURING DISTANCE [MM]
Fig. 4. Measured diameter values

3.2. Evaluation of geometrical tolerance of circularity

Measured values of the circularity of the carbide rod in four distances from the top of the rod
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are listed in Fig. 5. Each measurement was repeated five times on every distance and standard
deviation of the measurement was calculated.

0,009
0,008
0,007
0,006
0,005
0,004
0,003
0,002 A
0,001 A
0,000
-0,001 -

DEVIATION [MM]

2 6 10 14

u PRISMO 0,000694 0,000676 0,000682 0,00057

HATOS 0,00393 0,004548 0,005876 0,007102
MEASURING DISTANCE [MM]

Fig. 5. Measured ovality values

4. Discussion

The aim of the research was to verify the possibilities of using an optical 3D scanner for
measuring cutting tools. For the purpose of the experiment a cemented carbide rod workpiece was
used instead of a cutting tool, which is used for the production of cutting tools by means of
grinding. On multiple levels the diameter of the carbide rod was measured as well as circularity.
In the case of cutting tools, especially cutting mills, the shape of these tools is different with more
complex shape. It can be surmised that there will be no significant difference in accuracy,
regardless of the shape being measured. From this point of view, it can be assumed that the 3D
optical scanning method is suitable for measurement of cutting tools in terms of macro-geometry.

Overview of the deviations of average values obtained by the 3D optical scanner are illustrated
in Fig. 6. It can be seen that the deviations of dimensional accuracy are at least an order of
magnitude lower than the geometrical tolerancing of ovality. This means that while measuring the
dimensions it is possible to achieve sufficient accuracy when it comes to measuring cutting tool
parameters on the level of macro-geometry, when evaluating the shape however, the deviations
can negatively influence the measurement output.

Diameter ® Ovality

0,005 - o
0,0025 - 2
E (=)
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Z v I )
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S -0,0025 E 2 I =
S S 2 2 s
= 0,005 1 g = S
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-0,0075 - S = z o
J o
0,01 N g
! S

2 6 10
MEASURING DISTANCE [MM]
Fig. 6. Deviations of optical 3D scanner values from tactile measurement

'S

Further research could focus on verification the optical 3D scanner for measuring complex
cutting tools. This method could be compared to tactile shape and contour measuring machine
when measuring micro-geometry of cutting tools or used for measuring tool wear. Considering
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the achieved accuracy, it could be assumed that it will not be sufficient for very small dimensions
of rounding or chamfering on the level of tool microgeometry. Regarding the measurement of tool
wear, the measured values will most likely not exceed those of the uncertainty of measurement,
therefore using general purpose 3D optical scanning system is not recommended for this task.

5. Conclusions

To sum up the experiment described in the paper, a cemented carbide rod with a diameter of
10 mm and tolerance of hS was used as a specimen for measurement by two different systems.
The rod was cleaned in ultrasonic cleaner and measured on a ZEISS Prismo coordinate measuring
machine and then on an optical 3D scanner, GOM ATOS Triple Scan. The goal of the experiment
was to verify the possibility of using an optical 3D scanner for measuring macro-geometry of
cutting tools. Before measurement on any system, it is of course necessary to calibrate the device,
but the calibration time for both compared measurement systems is very similar. There were four
measured levels on the carbide rod. The first level was at 2 mm distance from the top face of the
rod, and then every four millimeters was an-other distance of up to 14 mm. For statistical
evaluation, five measurements were carried out on every distance. Identical carbide rod was used
for both measuring devices to minimize the error of measurement. In case of optical 3D scanner
there were 5 STL models created after scanning and on each of these models the dimensions and
circularity were evaluated on the same levels. From the values obtained, standard deviations and
average values were evaluated.

The variation of the dimensional values for both devices was minimal, however for the shape
measurement the deviations were substantially higher. From the obtained results, it can be said
that optical 3D scanner GOM ATOS Triple Scan is suitable for measuring cutting tools with
sufficient accuracy. The main advantage of measuring on ZEISS Prismo is that it is not necessary
to apply matte powder on the surface of the measured object and the measurement time is also
low. On the other hand, GOM ATOS Triple Scan can capture the entire surface of the measured
object, allowing for more complex evaluation of dimensions as well as geometrical characteristics,
which is more suitable for the quick measurement and evaluation of cutting tools.
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