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Foreword

During the last few years, global scientific and technological community observe
dramatic changes in the industry. This revolution, called transformation towards
Industry 4.0, determines new paradigms resulting in process optimisation tenden-
cies and leading to increase the production volume with simultaneous reduction of
involved resources. To achieve this goal, cyber-physical systems with artificial
intelligence capabilities are commonly introduced to production lines, resulting in
dramatic increase of processed and stored data, as well as subsequent development
of completely new IT infrastructure, such as 5G mobile phone network standards.

Such radical transformation of industry is not a choice, but a necessity. Radical
increase of number of people on the Earth together with natural expectations of
increasing the quality of life around the world leads to unsustainable development
and environmental burden. As a result, the forthcoming generations will be forced
to consume less than us facing natural resources’ depletion. The only way to avoid
such scenario is wide implementation of optimised, adaptive cyber-physical
production systems.

As a result, we observe intensive development of IT systems and artificial
intelligence algorithms. On the other hand, efficient production line requires highly
developed mechatronics systems, which truly determine its productivity. However,
mechatronics seems to be neglected in changes of Industry 4.0, whereas it will play
a decisive role in further success or defeat of our technical civilisation.

We hope that this book will be the first step to restoring mechatronics to the right
rank. This book presents the results of intense discussions during the Mechatronics
2019 Conference held in Warsaw, 16—18 September 2019, gathering scientists from
Poland, Czech Republic, Korea, Ukraine and France. Topics cover both modelling
and experimental verification of performance of advanced mechatronics systems,
system integration and its reliability, maintenance and development of robotics,
automation and measurement systems as well as MEMS and biomedical applica-
tions focused on rapidly ageing population.



vi Foreword

We strongly believe that solutions and guidelines presented in this book will be
useful for both researchers of technical sciences and engineers solving problems in
the world of mechatronics.

June 2019 Roman Szewczyk
Jiti Krejsa

Michat Nowicki

Anna Ostaszewska-Lizewska
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Time-Domain Regenerative Chatter Analysis
of Non-linear Stiffness System

Petr Hadraba and Zdenek Hadas®®

Faculty of Mechanical Engineering, Brno University of Technology,
Brno, Czech Republic
Petr.Hadraba@vutbr. cz, hadas@fme. vutbr. cz

Abstract. The phenomenon of self-excited vibration during machining still
plays a key role in the productivity of a machine tool. The phenomenon was
deeply analyzed by many works, but in the new prototype testing, unexpected
behavior occurs. The hypothesis is that is caused by nonlinearity. This paper
presents the approach of the time domain simulation of grooving cutting process
for nonlinear analysis. The simulations compare linear stiffness model with two
nonlinear, all these models were built by fitting measured static stiffness data by
a regression model and also were built to have a similar response on modal
hammer impulse, mainly the similar negative real part of the system response.
The main idea for these simulations is to evaluate the effect of nonlinearity on
system stability and primarily enables the description of vibration magnitude in
the unstable region. The results showed that that nonlinear model has an
influence on stability lobes and mainly on the magnitude of vibration in the
unstable region which is significantly changed.

Keywords: Chatter -+ Machine tool - Nonlinear stiffness *
Time-domain simulation - Lobe diagram

1 Introduction

One of the key factors for machine tools productivity is the chatter stability. Due to this
fact, the chatter phenomenon was studied for decades. Nowadays the research is split
into several branches. Some research works dealing with machine tool modeling based
on the multibody system [1], another deal with the simplification of finite element
model (FEM) and conversion to frequency response function (FRF) [2] the standard
liner-based method for stability of the prediction system presented by Tlusty [3]. This
method enables the analysis of stability in the whole machine tool position range [4].
A flexible model in ADAMS was used for this analysis [5]. In contrast to the analytical
based stability assimilation, several works described the analysis based on the FEM
simulation of the cutting process [6]. These simulations can be done due to their time-
consuming only on small experimental systems. The effect of nonlinear stiffness on
stability is described by [7], the nonlinear specific cutting force for lathe analysis was
used [8], but most of the works deals for many reasons with linearized systems.

© Springer Nature Switzerland AG 2020
R. Szewczyk et al. (Eds.): MECHATRONICS 2019, AISC 1044, pp. 3-10, 2020.
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Usage of linearization could cause a problem with real structure analysis. The main
idea of this paper is to compare stability estimation done by simulated modal hammer
measurement with the domain simulations; The difference between these two methods
is the error of linearization. For comparison, there is also a linear system which is
important for comparing time domain simulation. The main approach is that it shows
that even non-linear ones could have an impact on stability. This method also enables
the validation of the intensity of instability.

2 Simplified Machine Tool Stiffness Model

The key parts of this paper are the models of stiffness, these models used the estimation
of measured data by several different models. Three of them are presented in this paper.
The classical linear stiffness is used as a control model; its equation is:

F:klx. (1)

The piecewise linear function was also tested bud without significant change in
results, so this model is not presented.

Cubic and quadratic equation were chosen for nonlinear models. To keep a neg-
ative value in the quadratic model form was used absolute value. The equations for
cubic and quadratic are respectively:

F = k1x3 —|—k2x. (2)
F = kix - |x| + kpx. (3)

The number of measured points is quite low, so the usage of the higher polynomial
equation has no sense. The results of regression in Table 1 shows that the best match
with measurement has the quadratic model, this could be also noticeable from Fig. 1.

Table 1. Regression results

k1l (Nm™) | k2 P-value R-square | MSE
Linear 5.98e+06 3.31e—05 |0.989 67.6
Quadratic | 3.79¢+09 | 4.95e+06 (Nm™ %) | 1.26 e—04 | 0.999 21.8
Cubic 7.58e+12 | 5.39e+06 (Nm™>) | 2.47 e—04 | 0.999 30.5
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Fig. 1. The comparison between measured values and regression models

3 Simulated Modal Hammer Based Dynamic Model

One of the main ideas for all these analyses is to evaluate how precise is modal hammer
stability estimation, with consideration of weak nonlinearity in the stiffness. The
dynamic models were built to lead this expectation. The mass and damping coefficients
were tuned to fit the similar simulated modal hammer as the linear model. The modal
hammer simulation represents time domain simulation where the impulse signal cor-
responds to real impulses of modal hammer measurements. It should be mentioned that
for different value of impulse force, the range 200-800 N, the output FRF does not
noticeably change.

350
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2 £
< 200+ o
3 2
5 150¢ g 0
= 5
100} a
-5
50t
g
0.05 01 015 0.05 0.1 015
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Fig. 2. The modal hammer simulation impulse force and the reaction of models
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Fig. 3. The absolute and real frequency response for simulated modal hammer impulse

Figures 2 and 3 shows that the quadratic model has due to its characteristic lower
higher deflection than both cubic and linear. This is caused by the lower function
gradient for low displacement.

4 Simplified Growing Time-Domain Simulation Model

The basic model of regenerative chatter is in Fig. 4. The main idea is that the knife is
connected to ground by a stiffness connection, due to this fact by the impulse thru the
start of the cutting process the knife started oscillates on its natural frequency. These
oscillations caused the pulsations of the cutting force Fc and also the waves on the
surface of a machined part, these waves are returning to the cutting process and the
phase shift between actual and previous cut plays the key role of the system stability.

Fig. 4. The scheme of singe degree of freedom regenerative chatter
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To model, this behavior is necessary to build several subsystems. The main part is
the mechanical system model, in our case three different models. The output of this
system 1is the knife deflection, which is used for further stability analysis. The actual
deep of the cut is calculated from the required value and from the difference between
actual deflection of the knife and from the wave on the material from cutting in the
previous cut, this calculation also considers the possibility that the knife leaves the cut.
In this situation, the negative deep of cut is set as zero and memory keeps its last waves
value. The force is calculated from the actual deep of cut multiply by a specific cutting
force, the value of this coefficient is dependence on the depth of cut. The behavior is
nonlinear; the description could be found in the previous paper [9]. The last step of the
model Fig. 5. The scheme of simulation model for regenerative chatter used for sim-
ulation is to calculate the force component for the x-axis.

W Fx Model of | dx
system

Fc
Force Actual deep| |~ | Required deep
calculator of cut ' |j_ of cut
Deflection dxrr
memory

Fig. 5. The scheme of simulation model for regenerative chatter used for simulation

5 Comparison of Linearized Lobe Diagram and Results
of Time Domain Simulations

Figure 6 shows the lobe diagram which is an assumption the system chatter stability.
This lobe diagram was made from the real part of the simulated modal hammer
measurement. The limit chip width changed slightly, also the spindle speed depen-
dency. The biggest change is the quadratic motel which is caused by lower stiffness of
low deflection region.
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Fig. 6. Lobe diagram for system stability estimated from the negative real part of simulated
modal hammer measurement.

This diagram is more interesting in the context of the time domain simulations
Fig. 7. Where is the significant change of the spindle speed dependency, mainly in the
quadratic model, there is a noticeable shift of the lobe to higher spindle speed. This fact
could cause problem mainly for stability assumption in the region between un-sable
lobes.

The simulation lobe diagrams were built from maximal deflection of each simulated
conditions unique sequence. In these figures is noticeable that maximal deflection is in
the linear system and lowest in the quadratic and the region of full stability (whole
spindle speed range) does not change, so for these systems, we could use the term for
the assumption of stability in whole spindle speed range:

1

Biim = K, - min(Re(G)) " @)

In this term, Ks represents the specific cutting force and the second component is

the minimal value of the negative part of the system, this is according to Tlusty [3]. To

summaries the classical method for chatter stability assumption is reliable for presented

non-linear models, joust for the defining the limit width of the chip, the behavior above
this line depends significantly on the form of the model.
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6 Conclusion

The presented simulation of lobe diagrams shows the effect of the used nonlinear
stiffness model. It should be noticed that these nonlinearities are not so strong, but the
results of dynamic simulations show that its effect is not negligible. This fact shows
how the stability estimation using modal hammer measurement could be inaccurate for
linearized transfer function. Future development will focus on a more reliable esti-
mation based on a combination of the measured FRF and static stiffness measurement.
It could also provide a better understanding of nonlinearities impact on the machine
tools stability. The better knowledge of this phenomena could be also applied in the
process of new machine development.

Acknowledgment. This work has been funded by the Faculty of Mechanical Engineering, Brno
University of Technology, grant project FV 19-16 FSI 2019.
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Abstract. The method of semantic structuring of virtual community content has
been developed in the paper on the example of web-forums. Virtual communities
have been analyzed as an important means of communication on the internet for
the purpose of scientific, educational and professional activities. Online com-
munication web-forums are a convenient form of knowledge acquisition in
communities. Semantic structuring of knowledge bases is an important and
critical factor for easy navigation and search. However, the size of today’s
popular web forums does not allow doing this manually. For this purpose, it is
necessary to develop automated tools of content restructuring. Application of the
developed method of automated content restructuring by administrators has
resulted in improvement of content structure. This method can be applied to
modify the structure of sites, web forums and other forms of communities.

Keywords: Virtual community content - Automated content restructuring *
Online communication - Web-forums - Correlation

1 Introduction

q

Check for
updates

Virtual community/online community is a social group of people who communicate
and interact via the Internet using special services and sites on the WWW.

Participants (Internet users who wish to participate in the community by registering

and interact within the community creating content) and content (threads and posts
created by participants) are the basis of virtual communities [1-5]. There are various
types of virtual communities that differ in the way of arrangement, the audience
(global, local) and the thematic direction.

Virtual communities operate on the basis of Internet. It should be noted that only a

part of them are in a global environment of WWW.

According to the degree of integration in the WWW (Fig. 1) virtual communities

are divided into the following types:

social networks;
discussion lists;

public social networks;
web communities.
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Fig. 1. Typology of virtual communities

With the advent of social networks, impact of web forums on development of
Internet and information society has not generally decreased, despite the fact that web
forums are not so popular in the global network as before. Therefore, at the current
stage of development of the web such time-tested forms of communication as web
forums occupy a significant part information of the Internet content. Feb forum is a
convenient way of fixing threads in the form of post chains and developing knowledge
bases by users of communities of different themes [6—9], which is an important factor
for easy navigation and search.

Semantic structuring of information [10-12] in these knowledge bases is critical,
because it defines accessibility of information for a user.

However, in practice, the content of virtual communities are formed by web users
[13-16], and as a result, content of threads does not always correspond to titles and
themes. It is therefore important to regularly update the structure of virtual community
content [17-20] so that the theme of the thread is consistent with section themes.

The size of today’s popular web forums is large and does not allow doing this
manually. For this purpose, it is necessary to develop automated tools of content
restructuring [21]. Application of the developed method of automated content
restructuring by administrators is resulted in improvement of content structure [22].
This method can be applied to modify the structure of web forums, sites and other
forms of communities.
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2 Materials and Methods of Research

Let’s provide formal description of a web forum in terms of its semantics. We shall
consider the structure of the content of Web forum as a tree, each top of which is a
section characterized by a set of such characteristics as a theme, thread and post.
Each section of the Web forum contains posts and threads related to one or several
thematic areas.
Let the Theme be a set of forum themes:

Theme = {Themei}ﬁ\gn) ) (1)

where N(T™ is the number of elements of the set Theme; all the forum themes.
Each of the forum themes is described by the set of keywords:

Kw)

Keyword = {Keyword,'}ﬁvz(1 (2)

where N&") ig the number of elements of the set Keyword, i.e. the number of
keywords.

We define section themes of the Web forum as a set of keyword pairs and
weighting factors that make a keyword important for this theme:

Theme; = {(Keyword;, wy;) };V:(fw’m‘ﬂ o

where Keyword; € Keyword is a keyword from the set of keywords; w;; is weight of the
keyword Keyword; in the theme Theme;; N (KwTheme) s the number of keywords in the
theme Theme;.

For each post the author identifies keywords from the set of keywords. Keywords
assigned to a post form a set of post keywords, which we denote as

KeywordList(Post;) 4)
KeywordList(Post;) C Keyword (5)

The set of all post keywords in the thread given their number creates a set of thread
keywords, which we determine as

N(KwThn’(uli)

KeywordList(Thread;) = {(Keyword;, n;;) }jzl (6)

where n;; is the number of threads Thread;, containing the keyword Keyword;;

N(KwThreads) jq the number of keywords in the thread Thread; and keywords that occur in

thread posts Thread;:
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Keyword; € U KeywordList(Posty) (7)
Posty€Thread;

Then, given (1-5), the degree of compliance of the thread Thread; with the theme
Theme, is defined as:

N (KwThread; )
Zl Wpiltij
- =
(t(Thread;, Theme,,) = (K Themep) ®

Do Wy

j=1

where w,; = w(Theme,, Keyword;) is weight of the keyword Keyword; in the theme
Theme,; nj; = n(Threadi, Keywordj) is the number of threads, containing the keyword
Keyword,;.

3 The Results of Research

Virtual community operates in the following way. The initial web forum content
structure is created by administrator. Administrator creates section titles depending on
the theme and web forum development scenario.

There are often situations of uneven growth of threads in different sections of a
Web forum in the course of its operation. Certain sections become more popular and
the number of threads maintained in them increase faster than in other sections.

This situation causes a decline in the quality of web forum content structure and
complicates searching process. This requires changes in web forum content structure to
evenly distribute threads between sections.

There is no need to restructure content too frequently, as it causes inconvenience to
users seeking information in the ordinary section. Frequency of content tree restruc-
turing is not fixed and depends on the dynamics of growth of web forum content
volume.

The author has developed the method for organizational structuring of web forum
content tree using tree diagrams. It is based on condition of balance of web forum
content tree, i.e. each section should have not less than n and not more than 2n
subsections (threads), starting from some point of time of its creation (at the time of
creation of a web form its sections contain no content).

In this condition 7 is set by administrator, depending on content volume and ratio of
sections and threads to web forum level at which they are.

Certain maximum number of subsections is allowed to be created in sections at
each web forum level.
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Fig. 2. Algorithm for organizational structuring of web forum content tree

15



16

N =

1. Korobiichuk et al.

Algorithm for organizational structuring of web forum is as follows:

Review of all web forum sections for compliance with the condition of balance.

. If a section is too small, i.e. the number of threads in a section is less than n, the

administrator is offered to create a new section at the same level and combine its
threads with threads of another section, similar in themes. For this purpose,
administrator should give a name to a new section and then combine sets of threads
and thematic keywords of two sections.

If a section is too large, i.e. the number of threads in a section is more than 2n, web
forum administrator is offered to create two new sections one level higher, given
that the number of sections available at this level does not exceed the maximum. If
the number of sections available at the level higher exceeds the maximum, the
division should be made at one of the higher levels at which this condition is met.
Division of a section is made by dividing a set of thematic keywords of this section,
and therefore the section itself, into two subsets.

Steps 1-3 should be applied as long as at least one section of the web forum violates
a condition of balance.

Block diagram of the algorithm for organizational structuring of web forum content

is given in Fig. 2.

As a result of the algorithm, all threads that are not relevant to the section theme are

moved to the section which these threads are more consistent with (Fig. 3).

4

=

Thread’s theme
change leads to
keyword'’s set
change

Fig. 3. Diagram of movement of threads between forum subsections

Conclusions

This article is about semantic content structuring of virtual communities. When com-
munity is created, an administrator builds a content skeleton, forming basic thematic
subsections of forum and keyword sets with weighting factors that match the theme.
Over time, users of a virtual community create new content that is distributed in the
structure in a certain way. Experience has shown that there is a moment when it
becomes apparent that community content requires reformatting in accordance with the



