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Abstract

The presented article deals with the comparison of accuracy different measuring methods, in order to determine the achievable
level of measurement accuracy as well as to evaluate deviations that may occur when measuring the identical component on
different machine. The measured component was cemented carbide rod of 10 mm diameter manufactured by the company
Ceratizit. Two measurement systems with various degrees of reported accuracy were utilized—coordinate measurement
machine Zeiss Prismo Ultra and optical microscope Zoller Genius 3 s. Data obtained by the measurement were evaluated
and compared. The experiment was carried out so that appropriate measuring system can be chosen when measuring cut-
ting tools based on the various specific requirements depending on the currently conducted experiments, reducing the time
it takes to have the tools measured as well as the load on measuring machines operators. Another reason for the experiment
was to determine whether used measurement systems are capable of measuring micro-geometry of the cutting tools, which
turned out to be not possible due to the technical limitations of both methods. Comparing the values of deviations between
the measuring devices used in the experiment it can be concluded that the accuracy of optical measurement method is suf-

ficient for use in other ongoing experiments when measuring basic tool geometry.
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1 Introduction

Sufficient accuracy of cutting tools as a component of the
machining process is one the most important entry param-
eters of the process, therefore ensuring the correct measure-
ment procedure for cutting tools can be considered to be
crucial if outcome of both the tool manufacturing process as
well as the process of machining using the measured cutting
tool needs to fulfil the accuracy requirements [1, 2]. Using
basic cylindrical shape to compare accuracy of two differ-
ent measuring systems that are used at the laboratory was
undertaken due to the high accuracy of the cemented carbide
rod as well as its material properties. Initially, the reason for
comparing two different machines was their location and
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availability as well as their relation to the ongoing research
dealing with hundreds of cutting tools that require to be
measured as accurately as possible.

Based on the previously carried out research by other
authors [3, 4], as well as certified measurement protocols
guaranteed by the manufacturer of the measuring device [5],
it may seem redundant to compare touch and optical meas-
urement methods of cutting tools. Comparing optical meas-
urement techniques to coordinate measurement machines
seems to be the topic of some research, such as compari-
son of the measurements results of computer tomography
with coordinate measurement machine using small diam-
eter spherical shapes. They observe measurement devia-
tions of up to+0,15 mm, accounting for the measurement
errors [6]. Authors develop an alignment method for gears
when measured by optical scanning. Results of the new
measurement method are compared to the results of tactile
measurement. Using this technique, it’s possible to obtain
considerably lower deviation of measurement [7]. However,
if we take minimal requirement of the measurement’s accu-
racy into account, as well as availability and time needed
for the measurement, the conclusions about the advantages
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and disadvantages of certain measurement methods of cut-
ting tools may no longer be so straightforward [8, 9]. As
advantages of optical measuring devices can be considered
the short time it takes to set up a measurement series, ease
of use as well as comparably lower price of these devices
compared to CMMs (Coordinate Measuring Machines). On
the other hand, while the devices are more expensive, touch
measurement is more accurate and can be used on multi-
tude of parts, not being limited to only cylindrical shapes
like monolithic cutting tools. Cutting tools, and especially
mills for difficult-to-cut materials with complex geometry
may be difficult to measure using touch methods, and cer-
tain aspects of the geometry may not be possible to measure
at all [10-12]. In addition, these systems are not sufficient
for measurement of tool microgeometry, which plays a sub-
stantial role in the machining process [13]. Moreover, opti-
cal measurement can be automated to a certain extent, and
while nowadays automation is possible for coordinate meas-
uring machines as well, due to the technicalities of the touch
measurement it may not be as viable as optical measurement
systems [14]. Some of the issues arising from human opera-
tion can be mitigated by implementing robotic control of
the measurement [15]. Precision of the CMMs themselves
was a subject of research, where authors measure probe tip
spheres meant for use on coordinate measurement machines.
Both the dimensional characteristic of radius and geometri-
cal property of sphericity are measured. For this purpose, a
novel measurement system gets developed, utilizing a tactile
microsphere [16]. Master’s thesis deals with evaluation of
optical measurement methods and their standards across the
industry. Traceability of the optical systems can pose a chal-
lenge, and the author suggests a development of a virtual
optical coordinate measuring machine for this purpose [17].
The experiment described herein comparing the precision of
both measurement devices was carried out in order to find
out what device is more suitable for the measurement of cut-
ting tools from the standpoint of both accuracy and speed of
sufficient data acquisition.

2 Materials and Methods

Brief description of the methodology employed during the
experiment follows.

2.1 Carbide Rod
Part used for the experiment was solid carbide rod with

diameter of 10 mm and tolerance of h5 (+0;-6 pm), as
specified by the manufacturer Ceratizit. The reason for
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choosing the carbide rod was that it is of simple enough
shape to be measured by wide variety of measuring sys-
tems that are available at the Centre of Excellence of 5-axis
Machining at MTF STU (CE5AM), and its shape consti-
tutes a basic cylindrical shape of cutting tools that are often
measured for other experiments that take place at the fac-
ulty laboratories. Another reason was that solid carbide
material is stable in respect to the temperature, having very
low thermal expansion properties—6x 107%/K, [18] as not
all measurements were conducted in controlled laboratory
conditions.

2.2 Ultrasonic Cleaning

Preceding every measurement, the carbide rod was repeat-
edly cleaned in the ultrasonic cleaner Elma Elmasonic P 30
H. Rod was completely submerged in the isopropyl alcohol
solution. Ultrasonic cleaning removes any excess mechani-
cal particles that could be attached on the rod’s surface and
negatively influence the accuracy of data acquisition process
[19]. After cleaning, the rod was stored in a plastic container
that was cleaned beforehand using compressed air. Special
care was taken not to touch or otherwise interact with the
end of the rod that was going to be measured.

2.3 Measurement Series

A series of five measurements of the rod’s diameter was
conducted in 4 mm increments, starting 2 mm from the top
of the rod.

2.4 Measurement on Zeiss Prismo Ultra

First set of measurement was carried out on coordinate
measuring machine ZEISS Prismo ultra. This machine is
operating in a controlled environment laboratory, with con-
stant temperature of 20 °C and humidity of 50%. Maximum
allowed device error stated by the coordinate measuring
machine manufacturer is 0.5 +L/500 pm which is 0.7 pm
considering the length of the rod. Software used to prepare
CNC measuring program was Zeiss Calypso, as the meas-
urement on the CMM was conducted in automatic mode.
This allows for very precise control over the measurement
parameters. Before the measurement, CMM was calibrated
using a standard reference sphere. Setup of the measurement
can be seen on Fig. 1.

Carbide rod was clamped in a three jaw chuck which
was fixed to the table, so that the measured object is as
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Fig. 1 Touch probe measurement of the carbide rod

Fig.2 Optical measurement of the carbide rod

stiff as possible. Measurement was done in NC automated
mode, by loading the paths from Zeiss Calypso software.
During the measurement, touch probe with Zeiss ruby
stylus of 4 mm diameter was used to collect point data
from the rod’s surface. After the measurement series were
completed, obtained data were exported into measurement
reports that contain list of features with their dimensional
values.

2.5 Measurement on Zoller Genius 3 s

Universal tool measuring machine Zoller Genius 3 s uses
optical cameras with magnification of up to 200 times to
measure various parameters of cutting or grinding tools.
The rod was clamped in a hydraulic chuck and standard
automatic program for measuring the tool diameter was
used, with the same offsets as previously stated. Measure-
ment setup can be observed in Fig. 2. Obtained values were
exported into measurement reports. For an overview a com-
parison of advatages and disatvantages of both measurement
systems is stated in Table 1.

3 Results

All the obtained data were evaluated and compared. Actual
measured values by both measurement systems, as well as
their averages are presented in Tables 2 and 3.

Average values for each measured diameter as well
as minimum and maximum deviations were plotted into
graph as illustrated in Fig. 3. Upper and lower deviation
limits are also shown for reference. It can be see that the
values obtained by both measurement systems are within
deviation limit specified by the manufacturer.

For better readability, the deviations of measurement
were plotted into a separate graph as illustrated in Fig. 4.

Table 1 Advantages and
disadvantages of selected

Device

Zeiss Prismo ultra

Zoller Genius 3 s

measurement systems [20] Advantages

Surface properties are not important

Disadvantages

Limited by the probe size

Low data density

High absolute accuracy

Slow measurement cycle (minutes to hours)

Fast measurement cycle (seconds to minutes)
Designated for cutting tools

High data density

Nonwear measurement

Complete surface measurement

Lower absolute accuracy

Limited by the camera movement range
Surface preparation may be necessary

Workpiece and probe wear

Point measurement only
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Table 2 Values obtained by

; . Level [mm] Measure- Measure- Measure- Measure- Measure- Average [mm]
Zeiss Prismo Ultra

ment | [mm] ment2 [mm] ment3 [mm] ment4 [mm] ment5 [mm]

2 9.9968 9.9968 9.9968 9.9968 9.9968 9.9968
6 9.9961 9.9961 9.9961 9.9961 9.9960 9.9961
10 9.9955 9.9955 9.9955 9.9955 9.9955 9.9955
14 9.9951 9.9952 9.9952 9.9952 9.9952 9.9952
18 9.9950 9.9950 9.9950 9.9950 9.9950 9.9950
Table 3 Values obtained by Level [mm] Measure- Measure- Measure- Measure- Measure- Average [mm]

Zoller Genius 3 s ment 1 [mm] ment2 [mm] ment3 [mm] ment4 [mm] ment5 [mm]

2 9.9970 9.9970 9.9970 9.9970 9.9970 9.9970
6 9.9960 9.9960 9.9960 9.9960 9.9960 9.9960
10 9.9960 9.9950 9.9950 9.9960 9.9950 9.9954
14 9.9950 9.9950 9.9950 9.9950 9.9950 9.9950
18 9.9950 9.9950 9.9950 9.9950 9.9950 9.9950
Fig.3 Measured values for both 10.002
systems
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4 Discussion

Based on the technical parameters of the measurement sys-
tems used in the experiment, it should be safe to assume
that the most accurate result will be achieved by the touch
probe measurement on the coordinate measuring machine.
Therefore the values obtained on this machine were used as
a reference values to which the values obtained by the opti-
cal measurement system Zoller Genius 3 s were compared
to. Considering the values of deviations presented in the
previous chapter, it can be said that as far as measurement
of geometry of the cutting tools is concerned, using Zoller
Genius 3 s measurement system is sufficiently accurate.
Even if due to the nature of the optical measurement the
results are not as accurate as the touch measurement, the
difference is not significant enough to influence the outcome
of the tool manufacturing process by grinding. Experimental
setup used for the experiments was based on the real meas-
uring conditions of cutting tools in the laboratory, repeated
measurements ensured that observed deviations could be
accurately tracked. Effect of changing air temperature in the
laboratory could negatively contribute to the obtained results
of deviations when it comes to the optical measurement sys-
tem, however this influence was part of the reason why the
experiment was carried out in the first place. Attempts of
microgeometry measurement of cutting tools on the opti-
cal system were made previously, but due to the limited
positioning options it did not produce satisfactory results.
Experimental results confirmed the assumption that pre-
ferred measurement device for cutting tools at the CESAM
laboratory should indeed remain to be Zoller Genius 3 s, as
it is accurate, fast and easy to use compared to the coordinate
measuring machine.

5 Conclusion

The experiment described in this article was performed in
order to verify the choice of measurement device of solid
carbide cutting tools that are manufactured and used at the
CES5AM laboratory. Variability of the measurement for both
systems has proven to be both comparable and sufficient for
this task. However, this only goes as far as macro-geometry
of the tools is concerned. Future research could focus on
the use of these measurement systems for measuring tool
micro-geometry.
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