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BN INTRODUCTION e

THE IMPORTANCE OF THE STUDY

Due to the global requirements and challenges faced by the machining industry, in terms of
productivity, quality and cost price issues, it is imperative to study the aspects regarding the
optimization of machining technological processes composed of machine tool - device processing
- cutting tool - part, as a whole.

Each component of the MUDSP system contributes, individually, but also cumulatively to
meet the global requirements and challenges that the machining industry must keep up with.

The optimal choice of the specific parameters of the machining processes, as well as the
choice of the corresponding MUDSP system, represent a viable solution in achieving the
objectives regarding the results of the machining processes.

The optimal selection of cutting conditions effectively contributes to increasing
productivity and quality, but also to reducing production costs, thus creating the conditions for
sustainable production.

Optimizing the parameters that influence the chipping process is essential for a production
unit to respond effectively to the severe competition and the increase in the demand for quality
product in the market. In the cutting process, the optimization of cutting parameters is considered
to be a vital tool for improving the production quality of a product as well as reducing the overall
production time.

An optimization technique provides an optimal solution to a situation that needs
improvement, which can be implemented in your own metal cutting process.

Quality and productivity play a major role in today's manufacturing market. From the
customer's perspective, quality is very important, because the degree of quality determines their
satisfaction. Apart from quality, there is another important criterion called productivity, which is
directly related to the profits of an industry and its growth.

The chipping tool is a component part of the MUDSP system and has the role of creating
the surfaces of the parts by removing the surplus material provided as a processing additive in the
form of chips, thus the chipping tool contributes decisively to the optimal performance of the
chipping processing processes, therefore it is necessary to use cutting tools with an optimal
geometry during processing. The designed geometry of cutting tools refers to the constructive
geometry, but during cutting operations the constructive geometry becomes a functional one.
Thus, the functional geometry of the tools is the one that greatly influences the machining
process of the parts and implies the quality of the obtained parts. Currently, special attention is
paid to the constructive geometry of the cutting tool, without taking into account the fact that the
functional geometry of the tool also depends on the following parameters: cutting speed, feed
speed and dimensions of the processed piece. It should be mentioned that, due to the chipping
process being carried out with tools with improper geometry, additional dynamic phenomena
(vibrations) appear, generating negative effects on the results obtained.

On the basis of what was mentioned in the research, it is aimed to identify and test the
possibilities of maintaining the optimal functional geometry and at the same time allowing the
control of vibrations that appear in the machining process by chipping according to the



machining conditions in order to improve the quality of the obtained surfaces and reduce the
forces and power required carrying out the cutting process.

In the framework of the applied research activity, the main objective is the identification
and testing of some solutions regarding the identification of elastic elements that, mounted on the
cutting tool, will allow to preserve the optimal geometric parameters, but also to combat the
dynamic phenomena (vibrations) that appear during the cutting process, so that the chipping
process respects the mentioned principles, in the context of a sustainable production, respecting
the three pillars: environmental, economic and social .

According to what was presented, the research will be based on finding technical solutions
by creating intelligent cutting tools in order to maintain an optimal functional geometry, in order
to reduce/eliminate the dynamic phenomena represented by vibrations.

In this sense, the research focuses on turning operations with transverse and longitudinal
feed, for materials widely used in the machine building industry (C45, 42CrMo4 respectively
S235), using the variants of smart cutting tools created (those cutting tools that have in their
composition elements elastic), but also the cutting tool in the classic version (without elastic
elements in the composition) in order to compare the results obtained from the point of view of
the vibration amplitude, the roughness of the processed surfaces and the necessary cutting forces.

In this way, the turning processing process will respect the basic principles in order to
achieve a sustainable production.



BN CHAPTER 1 s

THE CURRENT STAGE OF THE ANALYSIS OF VIBRATIONS THAT
APPEAR IN CHIPPING PROCESSES

1.1.Analysis of the possibilities of measuring and reducing the vibrations
occurring during the cutting process

Vibration issues are of great interest in turning operations. The vibrations that occur
during machining operations have a negative impact on the quality of the surfaces obtained.

Based on this consideration, a project of active vibration control in external longitudinal
turning operations was initiated in 1997 by the Department of Mechanical Engineering, Lund
Institute of Technology, LTH.

A working solution was developed where vibrations were reduced by about 40 dB and
resulted in a PhD thesis for Lars Hakansson. A schematic of the first test model developed at the
Department of Mechanical Engineering, Lund Institute of Technology, LTH is shown in Figure
1.1. The following figures show several constructive options for reducing vibrations during
cutting.

Bipolar servomotor for introducing

secondary vibrations in the forward
direction

,F{“,d:.' lf‘-‘», ;
Q.?'l .8 A / Tool holder

suspension

Tool C

holder / | ~: ,"‘ x z
LT ' >/

Bipolar servomotor for introducing
vibrations in the direction of cutting speed

Figure 1.1. The first working model developed at LTH for vibration dambing [56]

Figure 1.2 . First attempt at an active tool support solution using the technique
piezo - ceramic for vibration attenuation [56]
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Figure 1.3. The solution made by piezotronic PCBs of the active instrument using a piezo-
ceramic attenuator [56]

\\\\\\\\\\\\\\\\\\\§
Cutting tool
| | [ [ 1 !
L]
Tool holder
W Z
A
é <
/ 0

Figure 1.4 . The first solution developed at BTH for dampening vibrations using a piezo ceramic
actuator mounted outside the tool holder [56]|

Accelerometer

Cautting tool

Tool holder

Actuator piezo-ceramic
incorporated and sealed

Figure 1.5. Standard tool body with a built-in piezo-ceramic actuator [56]

Figure 1.6 . Active tool holder called ActiCut ™ with a built-in piezo-ceramic,
attenuator and accelerometer [56]
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1.2. Conclusions

e cutting processes are currently the most important method
of generating the surfaces of the parts used in the machine building industry, so among
all the processing methods, the most used method is the machining process, which
accounts for about 70% of the total parts used in the industry, as a result this the process
IS quite important in terms of the development of the car manufacturing industry ;

e the mechanical machining processes by cutting are quite complex because
for the generation of surfaces, the technological machine-tool-device-tool-part
(MUSDP) system represents a predominantly elastic system; that 's why, during the
development of mechanical machining processes by cutting, inevitable dynamic
phenomena appear, phenomena that have a negative impact on their performance |,
dynamic phenomena being inevitable and difficult to control, generating unwanted
effects such as: affecting the quality of the surfaces obtained by cutting, reducing the
production capacity of the technological system used, rapid and premature wear of the
machine tools used, of the cutting tools and not only, generate additional costs for
combating and reducing dynamic phenomena, generate additional consumption, etc. ;

e carrying out the monitoring of the dynamic phenomena that accompany the processing
processes through
chipping can be achieved by using complex techniques for measuring or estimating
various physical quantities specific to the chip formation process, but also to
characterize the state of rigidity of the technological system used ;

e the dynamic phenomena within the machining processes are born
due to the interaction between the MUDSP system and the work processes that
accompany the operation of machine tools, because the whole assembly is subjected to
forces with different intensities and frequencies ;

e the dynamics of machines - tools represented and represents an important problem of
interest, due to its significant role in the stability and results of machining processes, and
has a large impact on the stability of the machining process;

e inaturning process, three different types of mechanical vibrations are present from
the cause of the lack of stiffness/dynamic stiffness of the machine tool system
comprising the tool, the tool holder, the workpiece and the machine tool itself; these
types of vibrations are: free vibrations, forced vibrations, self-excited vibrations
(chatter);

e in order to eliminate/reduce the negative effects of free and forced vibrations is
it is necessary to identify the sources generating vibrations, and self-vibrations are not
yet fully understood due to its complex nature, therefore they are explained on the basis
of several theories/hypotheses; these theories/hypotheses are: Taylor's Hypothesis,
Kasirin's Theory, Sokolocvsky's Theory, Harnis and Grig's Theory, Toblas' Theory;

e the need to develop better techniques to reduce and control vibrations more and more
strongest due to pressure on manufacturing industries for high productivity, high
precision, low scrap and lower production costs; vibration reduction and control
techniques can be classified into two main categories, namely: passive vibration
reduction/control, active vibration reduction/control;

11



Passive damping is based on a damping structure / damped cutting tools or by using
special clamping devices.

Active damping uses online data recorded during the machining operation and adjusts it to
create anti-resonance. Active damping can be used for a number of different frequencies over a
wide tuning range. The best way to reduce forced vibrations is to reduce/eliminate disturbing
factors. The reduction/decrease of vibrations is influenced by the rigidity of the technological
system and can be achieved by increasing the rigidity of the technological system. The overall
analysis of the realization and development of the technological processes of mechanical
processing by turning highlighted the fact that the lack of rigidity of the technological system
accentuates the dominance of the performances of the turning processing processes.

in the turning process due to the wide variety of factors that

participate in its development, it is difficult to identify their individual or cumulative
influence on the optimal development of the machining processes; moreover, the
influence of transition factors (wear of the cutting tool, thermal phenomena located in
the cutting area), is very difficult to quantify in terms of the cumulative impact on the
results of the cutting processing processes. The contact zone between the cutting tool
and the piece, represents the most sensitive area to the action of the lack of rigidity of
the technological system and the dynamic factors that appear during the realization of
the mechanical processing by chipping. The study of the vibrations that appear during
the machining processes by chipping Machining has been a research topic since the early
stages of the development of machining processes.

this phenomenon of vibrations is indispensable within the processing by cutting, having
a negative impact on the results obtained by the chipping processing processes as well as
on the physical integrity of the MUDSP system.

the analyzed research aimed to identify the sources generating vibrations, the types of
vibrations, the methods of their analysis and reduction and implicitly the analysis of
their impact on the quality of the processed surfaces, on the cutting tool, on the influence
of the cutting forces because they influence the cutting power and implicitly the
consumptions necessary to carry out the technological process of processing by cutting.
Thus, the studies carried out over time have highlighted the fact that the lack of rigidity
of the technological system leads to an increase in vibrations and processing errors.
vibrations in the cutting process occur due to the interaction of all elements

components necessary to carry out the cutting process (machine tool-tool-semi-finished
product), for which technical solutions were sought to reduce/eliminate them from the
cutting process, thus a working solution was developed in which vibrations were
reduced by approximately 40 dB and led to a PhD thesis for Lars Hakansson. The
magnetostrictive model was not suitable for industrial purposes, however, so further
improvements were needed.

based on the analysis of the current state of scientific and technical research in the field,
sa highlighted the fact that the study of the influence of low rigidity and the appearance
of vibrations in the technological system have an effect on the precision of turning
processing through the appearance of processing errors.

machining precision is influenced by a multitude of factors, these factors are

divided into two large categories: factors dependent on the cutting regime (cutting
regime parameters, cutting force, self-vibrations, wear of cutting tools, thermal
deformations of the cutting tool) and factors independent of the cutting regime (fixing
and orientation of the part in the device, internal stresses of the semi-finished material,

12



forced vibrations, irregularities of the semi-finished parts by varying the cutting depth,

etc.).
e the vibrations that occur during the machining process by chipping have ca the main
cause, the cutting force, generates negative effects on the quality of the finished product,
thus, there is a link between the stability of the technological processing process and the
quality of the products obtained. It is very important to develop solutions so that the
vibrations accompanying machining processes can be controlled and reduced so that the
effects they produce on the machining process as a whole can be reduced.

1.3. The objectives of the doctoral thesis

The need for the research carried out in the framework of the realization of this doctoral
thesis started from the fact that the machining process is widely used in the machine building
industry, thus starting from the premise that the modern development of the machining industry is
based on the following principles such as: manufacturing flexibility (referring to the machine
tool-tool), the quality of the surfaces obtained and the manufacturing cost price (which must be as
low as possible), and in order to be able to satisfy these principles, in a decisive way the cutting
tool also contributes, therefore it is necessary to use cutting tools with an optimal geometry
during processing. The designed geometry of cutting tools refers to the constructive geometry,
but during cutting operations the constructive geometry becomes a functional one. Thus, the
functional geometry of the tools is the one that greatly influences the machining process of the
parts and implies the quality of the obtained parts. Currently, special attention is paid to the
constructive geometry of the cutting tool, without taking into account the fact that the functional
geometry of the tool also depends on the following parameters: cutting speed, feed speed and
dimensions of the processed piece . It should be mentioned that, due to the cutting process being
carried out with tools with improper geometry, additional dynamic phenomena (vibrations)
appear, generating negative effects on the results obtained.

On the basis of the mentioned, in the framework of the conducted research, it was aimed to
identify and test the possibilities of maintaining the optimal functional geometry and, at the same
time, allowing the control of vibrations that appear in the machining process by chipping
according to the processing conditions in order to improve the quality of the obtained surfaces
and reducing the forces and power required to carry out the cutting process. As part of the applied
research activity, an elastic element model was identified and tested, which, mounted on the
specially created cutting tool, allows to preserve the optimal geometric parameters, but also to
combat the dynamic phenomena (vibrations) that occur during the cutting process, so that the
process of chipping to respect the mentioned principles, in the context of a sustainable
production, respecting the three pillars: environment, economic and social . Thus , referring to the
mentioned and following the analysis of bibliographic sources and research in the field , we
established the objectives of the doctoral thesis, as follows:

13
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MATERIALS, TOOLS AND METHODS USED WITHIN EXPERIMENTAL
RESEARCH

2.1. Materials used in experimental research

Table 2.1. The materials used in the research and the cutting process parameters used in the

research
No. Materials used in Diameter, | Cutting, Advance, Cutting depth,
No. | carrying out research D [mm] speed f [mm/rot] ap[mm]
Va
[m/min]
TURNING WITH TRANSVERSE FEED.

1. | Steel C45 (1.0503):

EN 10277-2-2008 , @ 150 [90-110] [0.2-0.36] [0.9-3.6]
2. | Alloy steel 42CrMo4 -

EN 10083-3 @ 150 [70-100] [0.2-0.36] [0.9-3.6]
3. | Rolled steel S235- EN

10025-2 @ 150 [90-120] [0.2-0.36] [0.9-3.6]

TURNING WITH LONGITUDINAL FEED

4. | Steel C45 (1.0503):

EN 10277-2-2008 | @ 50 [120-150] [0.2-0.36] [0.9-3.6]
5. | Alloy steel 42CrMo4 -

EN 10083-3 @ 50 [90-140] [0.2-0.36] [0.9-3.6]
6. | Rolled steel S235- EN

10025-2 @ 50 [160-210] [0.2-0.36] [0.9-3.6]

2.2. Tools used in the research

2.2.1. Presentation of tools used for applied research

To carry out the experimental research, a technological equipment of the type of a normal
SN 400 lathe equipped with numerical control was used. The machining process was carried out
using a turning knife. Thus, as part of the research, the elastic system was also tested on a
SCLCL 2525 M12 cutting tool body assembly, used together with a metal carbide insert of the
DCMT11T308EN-SM CTC 2135 type

The knife assembly thus obtained is characterized by the fact that it has a constructive
geometry characterized by a release angle y=8°, an angle of placement a=6 ° respectively a main
attack angle y r =95°, the angle of inclination of the edge of the knife A =8 °.

15



process is quite complex, especially in the case of parts made from materials with high
physical-mechanical properties, but also by the functional geometry of the tools that change
during processing. Thus, during machining, changes may occur in terms of the functional angles
of the cutting tool with influences on the conditions in which the machining processes are carried
out.

By creating these variants of cutting tools (T02, TO3) we aimed to create an intelligent tool
that has an optimal functional geometry.

2

/

Figure 2.1. Cutting tools for turning used in research:
a, d - in the classic version (T01); b, e-with improved constructive form with an elastic washer
(T02); c, f— with improved constructive form with two elastic washers (T03);
1-knife body; 2-fixing screw; 3-removable plate; 4 — elastic washer
d-special cutting tool used during research

As for the spring washer, this is a spring-disc washer, Figure 2.2, conforming to DIN 2093
B, steel A2 1.4305, and manufactured by Vinsco Spring Limited, Changzhou, China, it has been
further machined by chipping, Figure 2.2 a, so as to ensure an optimal value of the elastic system
created on the entire active part of the cutting tool.

16
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@ ID=5 mm OD =10 mm H=0.9 mm 5=0.40 mm
a) b)
Figure 2.2. spring-disc elastic washer, DIN 2093 B:
a — image for the processed elastic washer; b — dimensional elements for the elastic washer

2.3 . Methods used in research

Multifactorial experiments are designed to assess multiple factors set at multiple levels.
Experiments that use two or more controlled variables, also called factors of variation, represent
factorial designs.

The factorial plans are not only aimed at the influence of each variation factor on the
dependent variable, but they aim to determine the influence of the interaction of the variation
factors on the output (dependent) variable. They comprise two groups obtained by randomization:

v the experimental group is the group to which the intervention is applied;

v the control (or control) group is the group that does not receive the intervention.

Table 2.2. The design of factorial experiments used to carry out the research

The values of the input variables
(independent)
The parameters of the cutting regime

The value of the measured output variable
[m/s 21,0 pm],[daN];

Cutting advance | Cutting speed The result (output variable),
depth [mm/rot] [m/min] The amplitude of the vibrations,
No. ap[mm] Roughness Ra,
EX. cutting force,
Tool TO1 Tool TO2 Tool T0O3
-1 +1 -1 | +1 | -1 +1
1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X
8 X X X
The average value of the output variable

17



2.3.1. Analysis and measurement of vibrations that occur during machining processes

The main objective of the research was to ensure constant effective geometric parameters for
the cutting tool to reduce self-vibrations explained by Sokolovsky's theory and Kasirin's theory
respectively.

Thus, the vibrations that accompany the machining process by chipping were measured in
two main directions Z and Y respectively. In this sense, the vibration measurement system
presented in Figure 2.3 was used.

Vibrations were measured in three distinct variants, namely:

v rigid fixation of the removable plate on the body of the knife;

v elastic fixing, which involves placing an elastic washer between the removable plate and
the body of the tool, which allows obtaining constant effective geometric parameters for
the cutting tool;

v the elastic fixation which involves placing two elastic washers between the removable
plate and the body of the tool.

Figure 2.3. Scheme of the vibration measurement system:
1 - workpiece; 2 - the tool; 3 — accelerometers for measurement
vibrations in the Y and Z directions respectively

An acquisition tool, presented in Figure 2.4, was designed to capture and process the
vibrations that accompany the machining process by chipping.
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Figure 2.4. Vibration acquisition and processing tool
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2.3.2 . Analysis and measurement of the roughness of processed surfaces

Hoffmann Industrial Tools SRL, Bucharest, Romania, was used to measure the roughness
of the turned surfaces .

Also, the processing of the obtained results was carried out using the statistical software
MINITAB.

2.3.3. Analysis and measurement of forces and power when turning parts

The system shown in Figure 2.9 was used in the research for monitoring the cutting forces,
which allows the determination of the cutting forces in the 3 directions.

Cutting tool
fixing device

Cutting tool 2
g Cutting forces

measurement
SENnsor

Figure 2.5. The system used to measure cutting forces

2.5. Conclusions

As a result of the analyzes carried out, it was found that the interaction of the MUSDP
system influences the results of the turning processing process, influences the quality of the
surfaces obtained following the chipping processing processes, and this represented a major
interest from the beginning of the research on the factors that influence the quality of the
processed surfaces by chipping.

e The machine building industry uses a varied range of metallic materials, materials that
behave differently during machining due to the mechanical properties that characterize
them:;

e the research will aim to identify the influence of the geometry of the cutting tool on
some response variables such as: the vibrations that appear in the machining processes
by cutting; roughness of the machined surface and cutting forces;

e vibrations in the machining process occur due to the interaction of all the component
elements of the technological system used in the machining process (machine tool,
cutting tool, semi-finished product);
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in terms of machining processes, dynamic phenomena, more precisely vibrations, are
generated in most cases by the variations in the force value resulting from the
mechanical machining process. They transmit through the machine-tool-devices-cutting
tool assembly negative effects on the quality of the workpiece, having as a consequence,
uncontrollable values of the quality parameters of the processed surfaces;

the overall analysis carried out creates a clear vision on the factors that influence the
smooth development of the machining process by cutting and thus the carried out
analysis demonstrated the imprint that the variation of the functional geometry leaves on
the performances of the cutting process;

the analysis carried out demonstrated the fact that the variation of the geometry of the
cutting tools influences the dynamic phenomena that accompany the cutting process and
influences the quality of the surfaces obtained by cutting and , consequently , within the
research , it was aimed to identify some solutions to reduce the negative effects on the
results of the processing process by cutting of the dynamic phenomena that accompany
the processing process;

analysis of the results obtained, following the use of intelligent cutting tools, with the
help of specialized programs specific to experimental research.
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B CHAPTER 3 Nmmmspsmeaaae

DETERMINATION OF THE TRAJECTURES OF THE TOP OF THE
CHIPING TOOL THROUGH MATHEMATICAL MODELING

3.1. Introduction

Dynamical systems are often used to model and understand processes or phenomena that

evolve over time and are used in various fields such as mathematics, physics, engineering,
economics, biology, and many others. They can usually be described by differential equations or
mathematical analysis methods to predict or control their future behavior.
A simple example of a dynamical system would be a pendulum, where the position and velocity
of the pendulum varies with time under the influence of gravity and other factors. This is a
dynamic system because its state (the angle and speed of the pendulum) is constantly changing
depending on the initial conditions and the factors acting on it.

3.2. Analysis of the tool tip trajectory

Thus, the results obtained from the mathematical modeling with the help of Hilbert spaces
were processed with the help of the Matlab program and the trajectories made by the classic
cutting tool TO1 and the intelligent cutting tools T02 and TO3 were obtained.

Due to the presence of shock absorbers placed in the construction of smart cutting tools, the
product between the angle of placement a (6° ) and the angle of clearance y (8°) is kept constant,
i.e. a -y =48. While processing with the classic cutting tool the product « -7 <48. Thus, Figure

3.1 shows the trajectory made by the classic cutting tool when turning with transverse feed, and
Figure 3.2 shows the trajectory made by the intelligent cutting tool when turning with transverse
feed. Also, Figure 3.3 and Figure 3.4 show the trajectories made by the classic cutting tool and
the intelligent cutting tool respectively when turning with longitudinal feed.

TEORETICAL

Figure 3.1. The trajectory made by the classic cutting tool for the generation of surfaces by
turning with transverse feed
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TEORETICAL
TRAJECTORY(ACTUAL)

THE REAL
TRAJECTORY

Figure 3.2. The path made by the intelligent cutting tool for the generation of surfaces by turning
with transverse feed

From the analysis of Figure 3.1 and Figure 3.2, it emerges that both in the case of using the
classic cutting tool and in the case of using the intelligent cutting tool, the real trajectory differs
from the theoretical (ideal) trajectory. It is also observed that the trochoids produced by the
vibrations in the case of the classic cutting tool at the beginning of the processing show lower
values compared to the smart cutting tool, but they increase significantly once the machining
process is carried out for the classic cutting tool compared to the smart cutting tool, reaching
maximum values as the tip of the tool approaches the center of the piece for both cutting tools
used (classic tool and smart tool). As for the trochoids, they increase greatly as the tip of the tool
approaches the center of the part for processing with the classic cutting tool, while in the case of
the smart cutting tool, they remain within approximately constant limits, achieving a slight
increase with advancing the tip of the cutting tool towards the center of the part.

Figure 3.3 and Figure 3.4 respectively show the trajectories for turning with longitudinal

feed with the classic cutting tool and the intelligent cutting tool.

THE REAL TEORETICAL
TRAJECTORY “TRAJECTORY(ACTUAL)

Figure 3.3. The trajectory maderby the classic cutting tool for the generation of surfaces by
turning with longitudinal feed
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Figure 3.13. The path made by the intelligent cutting tool for the generation of surfaces by

turning with longitudinal feed

According to Figure 3.12, when turning with longitudinal feed , with the classic cutting
tool, it results that the vibration trochoids at the entry of the tool into the cutting show the lowest
values, they increase with the advance of the tool into the cutting. Making the comparison with
Figure 3.4, it can be seen that in terms of processing with the smart cutting tool, the vibration
trochoids show higher values when the tool enters cutting compared to the classic cutting tool,
but with the advance of the cutting tool they increase, but in smaller limits compared to those
obtained by the classic cutting tool.

3.3. Conclusions

Analyzing the aspects presented in this chapter, we can draw the following conclusions:

a dynamic system is an entity or system that evolves or changes over time ;

elements of a dynamic nature refer to objects, processes or phenomena that are
characterized by changes over time and that can be analyzed , using concepts and
theories from the field of dynamic systems ;

cutting tools are considered dynamic systems in the context of material processing
because they involve interactions and changes over time, and in the case of cutting tools,
this refers to the movement and interaction between the tool and the material being
processed ;

in order to generate the surfaces, the cutting tools make certain trajectories due to the
movements they make ;

it is important to note that the application of Hilbert spaces to determine the trajectories
of dynamical systems can be very complex and largely depends on the specific nature of
the system and the mathematical methods used ; for practical systems, approximations
and numerical methods may be necessary to obtain valid solutions;
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the vibration trochoids increase greatly towards the center of the piece in cross-feed
turning with respect to machining with the classic cutting tool compared to the smart
cutting tool ;

when entering the cutting, the vibration trochoids show higher values in the case of
processing with the intelligent cutting tool compared to the intelligent cutting tool, with
the classic cutting tool their increase is much higher and increases with the approach to
the center of the part, while in the processing with the smart cutting tool, they grow in
much smaller limits and tend to remain constant ;

in terms of processing by turning with longitudinal feed, the evolution of vibration
trochoids is within much lower limits than in terms of turning with transverse feed, their
behavior for processing with the two categories of tools being similar to the case of
processing by turning with transverse feed ;

thus it is demonstrated that the amplitude of the vibration trochoids obtained by the
intelligent tools is lower than when using the classic cutting tool, because due to the
elastic elements in their composition, the vibrations are reduced, the functional geometry
is kept within optimal limits, respectively the deposits on the cutting edge are reduced ;
the large amplitude of the vibration trochoids obtained when using classic cutting tools
causes an increase in the roughness of the processed surfaces, and the variation of the
amplitude of the vibration trochoids during the cutting process causes an uneven surface
to be obtained ;

according to the obtained results, it follows that the intelligent cutting tools obtain
superior performances in terms of the amplitude of the vibration trochoids, a fact that
translates into the obtaining by the intelligent cutting tools of surfaces with lower
roughness than in the case of classic cutting tools and at the same time the surface is
more uniform due to the lower fluctuation of the vibration amplitude during the
machining process ;
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CHAPTER 4

NUMERICAL SIMULATION USING THE FINITE ELEMENT METHOD
OF THE OPERATION OF CUTTING TOOLS WITH OPTIMUM
FUNCTIONAL GEOMETRY

4.1. Static analysis

In the case of static analysis , the loads and constraints are independent of time. For each
of the 3 tool models, the classic tool TO1 and the two optimized tools, TO2 and T03, we made the
geometric models, as shown in figure 2.3.

e f
Figure 4.1. The finite element mesh used in both static and modal and harmonic analyzes and
ts quality: a — the mesh of finite elements for the cutting tool TO1; b — the quality of the mesh of
inite elements for the TO1 cutting tool; ¢ — the mesh of finite elements for the T02 cutting tool; d
— the quality of the mesh of finite elements for the cutting tool T02; e — the mesh of finite
elements for the cutting tool T03; f — finite element mesh quality for the TO3 chipper
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As can be seen from the figures above, the constraints were applied by canceling all
degrees of freedom on the knife grip area in the knife holder , and the applied loads were the
maximum loads measured during the machining process for the alloy steel. We chose these loads
because they are the maximum loads resulting from the chipping process. These are presented in
table 7.9. The clamping screws of the pads were prestressed with a load of 30N.

The results were focused on the determination of the equivalent Von Misses stress, the total
resulting displacement and the directional displacements on the X, Y and Z axes.

Table 4.1 shows the results of the static analysis for the 3 types of tools.

Table 4.1. The results obtained for the static analysis for the three types of tools in the case of
request for machining by turning with transverse feed of the material 42CrMo4-EN 10083-3- I1
150mm.

No. Result type Tool TO1 Tool T02 Tool TO3
crt.
1. Von Misses equivalent stress [MPa] 295.28 288.91 282
2. Total nodal displacement [mm] 0.0217 0.0354 0.0391
3. Y-direction displacement[mm] 0.0026 0.0068 0.0089
4. Travel in Z direction [mm] 0.0164 0.0269 0.0298
5. Movement in the X direction [mm] 0.0022 0.0035 0.0028

As can be seen from the results presented in table 4.1, the maximum load present in the
case of the classic tool, TO1 leads to the highest value of the equivalent stress (295.28 MPa) but it
is located at the level of the insert. There is no danger from this point of view because sintered
metal carbide inserts withstand stresses of the order of GPa, depending on the type of insert.
However, in the case of nodal displacements, in the case of a hypothetical static stress, the
maximum nodal displacement occurs in the case of tool T03 — 0.0298 mm, followed by tool T02
—0.0269 mm, respectively tool TO1 — 0.0164 mm. This is due to the fact that , in case of a static
stress, the damping effect of the elastic elements inserted under the cutting plate does not
intervene.

Is also observed that, in all three situations, the maximum displacement is in the Z
direction, a normal fact because the stress is also predominant in this direction.

4.2. Modal analysis

Figures 4.2, 4.3 and 4.4 show the graphs with the values of natural vibration modes or
natural frequencies for tools T02 and T03 respectively.

Analyzing graphs 4.2, 4.3 and 4.4 , it is easy to see that in all three cases the first natural
mode of vibration appears somewhere around the value of 1470 Hz, a value that is far above the
working frequency in the case of the turning operation. Of course, since the values of the
frequencies for the eigenmodes of vibration are increasing, the other 5 eigenmodes are also not
found in the working range of the lathe. Thus, | can state , with certainty , that there is no danger
of resonance appearing in any of the presented models.
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Figure 4.2. Numerical values of vibration Figure 4.3. Numerical values of vibration
eigenmodes for tool TO1 eigenmodes for tool T02
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Figure 4.4. Numerical values of vibration eigenmodes for tool T03

For all three analyzed tools, the vibration trends for the 6 modes analyzed are: translation
along the Y direction, at the first proper vibration mode, translation along the Z direction at the
second proper vibration mode, rotation around the X axis, at the third natural mode of vibration,
rotation around the Z axis, to the fourth natural mode of vibration, rotation around the Y axis, to
the 