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1. Timeliness of the research topic, objectives

In modern countries, the third industrial revolution
took place essentially smoothly, as new technologies and
methodologies could be easily integrated into existing
processes. The advantages of applying new solutions
created  tangible and  significant  development
opportunities.

As time passed by and computer technology
continued to develop, new perspectives opened up
regarding data processing. The advantages thus achieved,
although published in numerous specialist literature, are
still much more difficult to interpret and integrate. This is
especially true in the case of small and medium-sized
enterprises, which constitute an important pillar of the
economy. Due to the fundamental public nature of the
thesis, my doctoral dissertation provides such companies
with insight into the appropriate interpretation of the term
[4.0 and its formulation according to a given set of
conditions. The processes presented in the thesis are
suitable for understanding the possibilities of IT
integration of data obtained and analyzed with the help of

measuring instruments.



These research areas and topics fit perfectly with
general mechanical and wood engineering sciences. The
thesis focuses on the planning of preventive maintenance
necessary for the measurement accuracy and supervision
of measurement processes, solutions, machine tools, and
their long-term sustainable operation.

The presented and well-matched examinations,
data collection, and their processing with an appropriate
method mean process safety in the medium term, while in
the longer term, the development of processes using
mathematical decision-making support. My personal
opinion and motivation is that we should not ignore the
term 4.0 as an overused marketing slogan or campaign
phrase, but rather use the opportunities it offers! It is
important to emphasize that it should not be viewed as an
opaque, complicated system, but as a standard
development option based on technical solutions and
experience; the predecessor of which, computer-aided
manufacturing, has already proven itself over the past 40-

50 years.



During preparing my thesis, my primary goal was
to make the basic concepts of 14.0 understandable, to
support the use, utilize new measurement and evaluation
procedures, focusing on the situation of small and
medium-sized enterprises.

My thesis introduces to the reader the topicality
and importance of the topic - by presenting the different
maturity levels and solution options. My research initially
relates to the analysis of data obtained by measuring and
modeling the background environment of the
deformations caused by vice jaws on various workpieces.
During the measurements, the focus of the investigation
was on the mutual deformation arising from the interaction
of the workpiece and vice jaws.

As a continuation, modern machining centers were
brought into focus due to their universal applicability and
prevalence. The study aims to verify the accuracy of
wireless, optical data transmission touch probe systems
integrated into CNC controlled machining centers and to

push the limits of their use.



When examining the modern manufacturing
environment, 3D scanning and printing cannot be ignored.
The next stage of the research focuses on the geometric
measurement of 3D printed workpieces. Cluster analysis
was used to evaluate the data from the 3D scanner used,
while traditional measuring tools were used for
countermeasurement. The comparison provides an
exciting and useful picture for understanding the
interoperability between advanced technologies and
traditional processes.

Thanks to the development of computer
technology, an extensive toolkit is available for data
evaluation. In this section of the thesis, the performance
and accuracy of different measuring devices and
procedures were compared, and the possibility of applying
data fusion was examined. Data fusion provides an
excellent basis for modeling tool wear, which method
provides an increasingly accurate picture due to the
continuous development and growth of the data package.

Nowadays, there are several options for examining
the accuracy and condition of machine tools. In my thesis,

I focused on developing the application of Ballbar



measurement, as it iS a very accurate, yet easy and
universally applicable method. The extracted data provide
an opportunity to understand the errors of the machine
tool, but the data packages, when evaluated using modern
statistical methods, provide a more complex picture of
both the current and time-varying condition of the
machine.

Real-time monitoring and optimization of data sets
contributes to increasing production -efficiency and

reducing errors.

2. Instruments used in the study
2.1 Used tools
Machining machine: AKIRA SEIKI Performa V2.5
positioning precision: £0.01 mm
repetition precision: £0.003 mm
Measuring head: Renishaw OPM40-2
direction-independent accuracy: 0.001 mm
Coordinate measuring machine: COORD3 Universal
10/7/7 measuring head: Renishaw PH20SP25M cal. ISO
10360-2
Vise: Gerardi StandardFLEX D24 mm



Torque wrench 40-250 Nm ISO: DIN EN ISO 6789-
1:2017
3D printer Prusa MK4S
3D scanner: HP 3D Structured Light Scanner Pro S3
Thermometer sensor: PC21MT-0 Calex
Precision 1% leolvasasi vagy £1°C
Repeatability + 0.5% of leolvasasi vagy = 0.5°C
Round test: Renishaw Ballbar QC 20

2.2. Brief presentation of applied methods:

Stress-strain model:

Ox Tyx Tzx
=|Txy Oy Tzy|,

o
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Calculating the root mean square error
n
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RMSE = |~ (= 9)
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where:

yi: the real value (the true data),



y,: the estimated or predicted value (the value given by
the model)
n: the number of data points (samples).
Fisher's F test: Then the following empirical

value should be used as the test statistic

Sk
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Where members mean:
X the mean of one of the random variables in the sample
y the mean of the other random variable in the sample
S:? adjusted standard deviation of one of the random
variables
Sy? adjusted standard deviation of the other of the
random variables
and n and m are the number of elements in one and

the other sample.



3. Summary of new scientific results

3.1. Examination of deformation in a machine vice
As the first step of my thesis, I examined the important,
but unfortunately often less controlled, step prior to
machining. I examined the mutual deformation between
the workpiece and the vice under different geometries and
tightening torques.

Thesis 1. Based on the measurements and
simulations carried out during my research, I have
established that when clamping a workpiece in a machine
vice, it is not enough to consider only the deformation of
the workpiece; the elastic deformation and position change
of the vice jaws also have a significant impact on the
quality of the clamping. In the case of simple, cuboid
workpieces of different lengths, the deformations
occurring can be modeled accurately and realistically
using the finite element method. The comparison of the
simulation results and the measurement data allows the
development of an applicable knowledge base that
determines the machine vice tightening torque values that

ensure optimal, safe clamping based on individual



geometric and material characteristics, as well as

technological parameters (e.g. cutting forces).

3.2. Testing the measuring capability of CNC
machining centers
The wvalues provided by the Renishaw optical data
transmission probe integrated into the Akira Seiki
machining center can be used once for a given process, but
by analyzing the data in accordance with the 14.0 concept,
we get a complex picture of our device. After proper
calibration and verification, the manufacturer's accuracy
can Thesis 2. The experiments have shown that the
accuracy of geometric measurements made with a touch
probe measuring system integrated into a CNC machining
machine based on the wireless optical data transmission
principle is equivalent to the accuracy of a coordinate
measuring machine after appropriate calibration.
Unfortunately, due to the structure of companies, this data
evaluation is often not performed. The touch probe
measuring system, operating on the integrated wireless
optical data transmission principle, records the position

data available on the machining machine at a given
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moment, thus burdening the measurements with
positioning errors. By comparing external measurements
made on the coordinate measuring machine with the data
measured in the machining machine with appropriate
periodicity, it is possible to conclude that the machining

machine has lost accuracy or failed.

3.3. Evaluation of measurements supporting 3D
technologies
Nowadays, 3D technologies have become an unavoidable
part of technical life. Rapid prototyping and almost
complete geometric independence have a huge impact on
both product design and manufacturing processes. In my
thesis, I examined the applicability and accuracy of
modern 3D scanners and traditional measurement

technologies for 3D printed workpieces.
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Thesis 3. Using inspection measurements made with a
coordinate measuring machine, I determined that based on
the results from the 3D surface measurement environment
of a 3D printed component, the procedure meets the
accuracy class ¢ of the MSZ ISO 2768-1:1991 standard,
thus it is suitable for the automated inspection of
components. The point clouds available from the surface
measurements are easy-to-handle data packages, which
can be used to examine the condition of the machine and
to increase the accuracy of subsequent production. For the
sake of practical applicability, I also performed
measurements with a caliper and a micrometer. Using
statistical-based tests, I determined that the caliper is also
a suitable alternative for this accuracy class of the 3D
printed component, however, the use of the two measuring
instruments cannot replace each other, but only

complements each other.



12

3.4. Evaluation of measurements supporting
machine learning processes
Perhaps the most exciting part of my research is the
investigation of the possibility of implementing data
fusion. Regardless of size and series size, one of the most
common reasons for unexpected machine downtime is tool
breakage. Unfortunately, in extreme cases, not only the
tool or workpiece is damaged, but also the machining
machine can be damaged. In my research, [ used geometric
measurements, independent temperature measurements
and values estimated based on expected tool wear. When
evaluating the data package, machine learning methods
are suitable for estimating future data. The larger the data
package and the more times it is corrected, the more
accurately the estimate can be made.
Thesis 4. The results of measurements with a measuring
probe fixed to the spindle of a CNC machining center and
a temperature sensor operating on the infrared
measurement principle - after appropriate statistical
processing - are suitable for predicting geometric

deviations due to tool wear. Using the obtained values, the
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number of tool correction measurements on the required

workpiece can be minimized.

3.5. Introduction to ballbar measurements

The ballbar is a measuring device developed by
Renishaw that obtains data from the circular movement of
the machining machine. From the values obtained, we can
conclude about the condition of the machining machine
and the causes of its errors. In my research work, I
developed the usability of the data obtained in this way.

Thesis 5. The data obtained by ballbar
measurement are suitable for the analysis methods
developed by me for the examination of long-term trends,
or for use as correction data when transformed from a
polar coordinate system to a Cartesian system. Based on
the data obtained in this way, the wear of the machine tool
or the change in deviations due to faulty installation or
manufacturing problems can be monitored in the long

term.
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