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ELEMENTS OF APPROACH TO INCREASE RELIABILITY
OF CUTTING TOOLS FAILURES RECOGNITION

Abstract. The work is devoted to solving the problem of increasing reliability of cutting tools
failures recognition. For this is proposed to carry out the following developments: the formation of
sets of direct and indirect features of cutting tools states and failures; forming the corresponding
state spaces; reducing their dimensionality by selecting the most informative features; construction
of failures classifiers and necessary decision rules. The analysis of methods for selecting failures
informative features is carried out, and the genetic method of features selecting is recommended
for use.
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1. INTRODUCTION.

Modern automated production facilities widely use the corresponding
machines - flexible manufacturing modules. These systems work with the
limited participation of operators, with their partial intervention (if necessary)
in machine control processes. Therefore, all technological operations control
and diagnosis processes must be automated.

The largest number of failures of flexible modules is in failures of cutting
tools (CT). There are both gradual failures - due to the wear, and sudden
failures - due to the destruction of the cutting part (CP). The need to develop
appropriate approaches, methods and systems for automatic recognition of tool
failures is obviously. Timely failure detection allows to stop the processing and
to prevent parts destruction. For this, it is necessary to create appropriate
monitoring systems, for which appropriate mathematical and software are
developed.

The recognition reliability is determined by such characteristics, as the
probability of correct recognition, the values of errors of the first and second
kind. They directly depend on the quality of features and classifiers of failures.
To increase the reliability of failures recognition, it is necessary to carry out the
following developments: the formation of sets of direct and indirect features of
CT states and failures; forming the corresponding state spaces; reducing their
dimensionality by selecting the most informative features; construction of
failures classifiers and necessary decision rules.
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The typical failures of tools for roughing (by the example of cutters) are
considered, examples of constructing the corresponding state spaces (with
examples of state dynamics - from works states to failure state) are given. The
scheme of the system for indirect control (for determining the failure of
incisors under shock loads) is given.

The models of uneven wear of CP cutters for finishing, a gradual increase
in wear areas, the appearance of concomitant microdefects and the onset of
failures, are presented.

Since flexible modules are equipped with tool stores (with a large number
of tools for various types of processing), it becomes necessary to construct the
corresponding sets of informative features of failures and classifiers. This, in
turn, requires the use of methods for selecting informative features. The
analysis of these methods is carried out and the genetic method of features
selecting is recommended for use.

Research purpose. The purpose of this research is to develop elements of
approach to increase the reliability of cutting tools failures recognition.

2. LITERATURE REVIEW

Modern metal cutting machines, the corresponding methods and
technologies are finding more and more widespread use in modern machine-
building [1]. With the increasing complexity of modern means of production
(and the conditions of their exploitation to the CT quality) the according
methods are used in flexible manufacturing modules.

A lot of work has been devoted to improving the quality and optimizing
cutting processes, monitoring conditions and evaluating the performance of
cutting tools, including works [2 - 8].

According to a number of publications, downtime of modern machine
tools in more than half of cases occurs due to gradual or sudden tool failures.
The need for the development of modern monitoring methods and systems,
mathematical and software for the timely recognition of gradual and sudden
CT failures is obvious.

Comparative analysis of conventional and non-conventional optimization
techniques for CNC - turning, carried out in [2].

In flexible manufacturing modules high cutting speeds are used [3], which
leads to an increase in the wear of the CT and a reduction in their working life.

A study on automatic on-machine inspection system for 3D modeling and
measurement of cutting tools carried out in [4].

Tasks on-line monitoring of tool wear conditions, CT tools failures in
machining processes, based on machine tool data, are investigated in [5 - 8].
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The issues of creating elements of intelligent systems for continuous or
periodic CT state diagnosis, obtaining features of states from sensors of direct
or indirect control, and the development of the corresponding classifiers are
analyzed in [5-8]. It is shown here, that the most important aspect of ensuring
high-quality recognition of CT states is - to obtain highly informative features
from monitoring systems.

Formation of a system of informative diagnostic features, based on a
quantitative expression of their significance, is investigated in [9].

Features of modeling failures of recoverable complex technical objects
with a hierarchical constructive structure, formation of a system of
informative diagnostic features based on a quantitative expression of their
significance, are analyzed in [10, 11].

An analysis of the reviewed and many other publications showed the
relevance and need for development elements of approach to increase the
reliability of cutting tools failures recognition.

3. RESEARCH METHODOLOGY

For develop classifiers of sudden failures of cutting tools, it becomes
necessary to form models of the dynamics of the CP states in the corresponding
attribute spaces. Adequate decision rules are created. An example of one of
these models is shown in Fig. 1.

We introduce a series of notation and write down some relations, which
were used by us in [6]:

X F - space of signs of the shape of the contours of wear zones, defects
and CP microdefects;

X, X5, XT ..., X] - Informative features of the shape of the contours

of CP wear zones, defects, microdefects, and CP failures;
n — number of informative features;

A; - working area of the flank surface of the worn cutter (the main
object of control in conditions of finish turning);
QlF[A;],QzF[A;],Qg[Ag],...,QE[A;] - cutting state and CP failures classes;
k —CP classes quantity;
X2, X2, x2 ..., . - feature vector of CP states, obtained at time points of

control T, Tp» Tven T
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Figure 1 — Representation of the CP cutter states dynamics in the space of geometric
features of the surface wear zone (the final CP state is a failure state - chipping)

Kn' & I_Q - traces of concentrated wear are present on the flank surface
of the CP (but do not affect the quality of the treated surface);

Kn“ e LgF - traces of concentrated wear are present on the flank surface
and reach the forming section of the cutting edge - LgF (failure state - loss of
surface quality);

hvLTO ) [hﬂmax] - respectively the current and limit value of the radial wear
of the tool;

PrLT“, PrLg? - grooves respectively on the main and auxiliary flank
surfaces of the CP;

T T
hPLf \ h;f(max) - respectively, the current and marginal heights:

L£1 T ng T H T
PragL' , Pr?2 gL -onthe cutting part of the tool (L™ ) there are
no grooves.
T T
NbB - built-up edge on the tools face surface (L, ).
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CP state are conventionally denoted by black circles - the tops of the state
vectors x2, X2, x=,..., X ), which belong to the classes of CP states.

T
Class QE[AZ I a state of CP failure due to a chipping.
Decisive rules for recognition are given on the diagrams in curly brackets.

4. RESULTS.

Figures 2, 3 show models of the dynamics of states and various types of
failures of the cutters CP.

D). 4 < 52). b <
XF XF / 524 T 1 T
1 2 / 3).Pr2el APr2el.
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Figure 2 — Representation of the CP cutter states dynamics in the space of geometric
features of the surface wear zone (the final CP state is a failure state - chipping

of the cutting part (C-° = CCP"))

To identify such sudden tool failures, methods and systems for CT
monitoring generated, using indirect control methods.

Let us turn to the consideration of the method of indirect control of the
states of CT sources. Its main provisions are stated by us in [8], and the scheme
for forming patterns of the cutting process (when machining parts with cutter)
is shown in Fig. 4.
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Figure 3 — Representation of the CP cutter states dynamics in the space of geometric
features of the surface wear zone (the final CP state is a failure state - breakdown

of CP (C** = BCP))

Figure 4 — Schema of the organization of the “input-output” experiment within the
framework of the task of diagnosing the cutting process with periodic shock loads [8]:
1 — processed part with longitudinal grooves; 2 — CT (cutter); 3 — cutter holder; 4 —
indirect control sensor; GDS - pulse loading of the cutting system

238



ISSN 2078-7405. Pizanua ma incmpymenmu ¢ mexnonoziunux cucmemax, 2020, sunyck 92

The measuring device - control sensor (SC) and stored in the database
(DB). Signals f,(t) and f (t) are added to the response of the system —

interference from the cutting process and the sensor, respectively. Indirect
control sensor 4, as an element of the automated control system for the electric
drive of machine tool, measures the output signal - the active power W of the
asynchronous motor. Such a system makes it possible to recognize sudden
failures caused by CP destruction.

Consider the method of CP failures direct control with the system of
technical vision (STV) using. Here, cutting tools states patterns are the digital
CP images. The issues of optimizing the monitoring of incisors using the
methods of CP failures direct control (with the formation of the corresponding
features) were considered by us in [7].

Schematic representation of the finishing cutters CP wear features are
shown on Fig. 5. During CT operation, especially for fine and precision
machining tools, uneven CP wear, other defects and microdefects occurred.

Figure 5 — Schematic representation the features of the wear and failures
of cutters CP for finishing treatment

The following notation is used here: types (patterns) of wear zones of the
rake face (w,',w, ), flank face (W, W,"W," ) and cutting edges

(Vvlm ,szm ,VV;" )
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Accordingly, examples of feature spaces are presented:

- wear zones of the rake face W', with feature sets (R,R,,..,R) and
state classes (AM , A );

- wear zones of the flank face W " | with feature sets (P,PR,,...,R) and
state classes (A", A, A% );

- wear zones of the cutting edges W "' with feature sets (U,U,,..,.u,)
and state classes (AM", V", A%,

An example of representing the space of primary features W " is shown

on Fig. 6.
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Figure 6 — An example of representing the space of primary features W" and changes

in the condition of the incisors during the period of processing: T, —T,

Sets of geometric features of CP wear zones (Pr* ,Pr* , Pr*) are

obtained by processing the corresponding digital images, with using a special
software package [6 - 8].
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The speed of CT monitoring depends on many factors, and first of all —
from the quantity and quality of decision (diagnostic) rules. A number of
methods for reducing the dimension of feature space are known. The task of
finding an informative set of features can be solved by exhaustive search,
which requires a significant investment of time. Therefore, it is advisable to use
other, modern methods.

A schematic representation process of reducing the dimension of the
space of CT feature states is shown in Fig. 7.

= s J’2>y3’---’yn)| i 1 Y2 y3""’yn)|
[ Methods for analyzing the quality of feature space J
Method of Method of Entropy Genetic
exhaustive shortcut search estimation method
search method

Figure 7 — Schematic representation of the process of reducing the dimension
of the space of CT states features

The initial space of primary features Y has dimensionn. The CT state in
this space, which belongs to one of the classes (Q,,Q,), is characterized by a

vector Y . The result of its dimension reduction (with one of the methods of

quality analysis) is formation of a vector of secondary features )7 by m

dimension. Take place relation: m <<n.

Fig, 8 shows an example of reducing the dimension of the CP features
space by genetic selection of the most informative. Their use provides
increased recognition accuracy.
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Notation accepted: P.g; - percentage of correct recognition at each

iteration; IMy; , M,; - corresponding recognition errors of the first and second

kind for each iteration; M2 - iteration number; 1_i...12 i - corresponding
string labels for each iteration; Py, M, m, - respectively, the final results of
the recognition quality assessment. Feature codes: 1 - feature is used, O -
feature is not used.

It is quite obvious a significant increase in the basic parameters of
recognition reliability.

— T ) >

| o 1
i M O S
0 0 0 0 1 0 1 0 0 07234 Li
0 0 0 0 1 0 1 0 1 0 2 0.82979 2 i
0 1 1 1 0 1 0 0 0 1 1 9 078723
0 0 0 0 0 1 0 1 0 1 2 6 082979 3 i
0 1 1 0 1 0 0 0 1 0 1 1 1 3 5 082979 9 i
0 1 1 (] 1 0 0 1 1 0 1 1 1 1 3 091489
0 1 1 0 1 1 0 0 1 0 1 1 1 1 8 08085110 i
0 1 1 0 1 1 0 1 1 0 1 1 1 0 4 091489
i 1 1 0 0 0 0 1 1 0 1 1 1 1 4 0/89362 114
0 1 1 0 0 0 0 1 1 1 1 1 1 1 6 085106
12i
1 1 0 1 1 0 1 1 1 1 1 4 091489

-
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Figure 8 — A table of the results of genetic algorithm using for selecting
the most informative characters, that provide increasing
of reliability of CT states recognition

5. CONCLUSION

1. To increase the reliability of failures recognition, it is necessary to
carry out the following developments: the formation of sets of direct and
indirect features of CT states and failures; forming the corresponding state
spaces; reducing their dimensionality by selecting the most informative
features; construction of failures classifiers and necessary decision rules.

2. The typical failures of tools for roughing (by the example of cutters)
are considered, examples of constructing the corresponding state spaces (with
examples of state dynamics - from works states to failure state) are given. The
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scheme of the system for indirect control (for determining the failure of
incisors under shock loads) is given.

3. The models of uneven wear of CP cutters for finishing, a gradual
increase in wear areas, the appearance of concomitant microdefects and the
onset of failures, are presented.

4. Since flexible modules are equipped with tool stores (with a large
number of tools for various types of processing), it becomes necessary to
construct the corresponding sets of informative features of failures, and
classifiers. This, in turn, requires the use of methods for selecting informative
features. The analysis of these methods is carried out and the genetic method of
features selecting is recommended for use.
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Onexkcanap Jlepersauenko, Onexcanap PomiH,
Opneca, Ykpaina

EJEMEHTH NIIXIAY A0 NIABUILEHHS JOCTOBIPHOCTI
PO3MI3HABAHHSI BZIMOB PI3AJIbHUX IHCTPYMEHTIB

Anortauis. CyuacHi agmomMamu306ani UPOOHUYMEA WUPOKO BUKOPUCHIOBYIOMb BIONOBIOHI
eepcmamu — 2HyYKi 6upoOHuui modyai. Lli cucmemu npayiooms 3 06MeNCEHOI YUACHIIO
onepamopis, 3 ix 4aCMKOBUM MPYYAHHAM (NpU HeOOXIOHOCT) 8 NPoYyecl KepyBanHs 6epCmamami.
Tomy yci  mexHono2iuHi onepayii, npoyecu KOHMpoOA0 ma OldeHOCMYS8AHHSA NOBUHHI Oymu
asmomamu3zoeani. Haubinowa KinbKicmes 8i0M08 SHYYKUX MOOYI8 NpUNAode Ha 6i0MO6I pi3anbHUX
incmpymenmis. Maromo micye sk NOCMYNoGi ix 8i0MO6U - GHACIOOK 3HOULYBAHHS, MAK I panmosi
8IOMOBU — GHACHIOOK PYUHYEAHHS pi3anbHOi uacmunu. OueuoHa HeoOXIOHICMmb pPOo3POOKU
8i0N0BIOHO20 ~ NiOX00Yy, Memodig ma cucmem ASMOMAMUYHO20 PO3NI3HABAHHA  8i0OMO8
incmpymenmis. Ceoeuache UsGIIeHHs 8i0MO8 00360JI€ NPUNUHAMU npoyec 0OpOoOKU, 3anobiemu
nowikooicennio oemaneil. st yb020 HeOOXIOHO cMEOPOsamu BIONOGIOHI CUCMeMU MOHIMOPUHSY,
o AKUX  pO3poONAaEmbCs  8I0N0GIOHe  MamemamuyHe mMa — NPocpamHe  3a0e3nedeHHs..
Jlocmogipricms  po3ni3HABAHHS GUSHAYAEMbCS MAKUMU XAPAKMEPUCMUKAMU, 5K BIPOSIOHICb
BIPHO20 PO3NI3HABAHHS, 3HAYEHHS NOXUOOK nepuiozo ma Opyz202o pody. Bouu bGesnocepednvo
3anexcamsv Gi0 AKOCMI O03HAK ma Kiacugixamopie 6iomos. [[ns nidguwenns 0ocmogipnocmi
PO3NI3HABAHHS 8IOMOG HEOOXIOHO BUKOHAHHS MAKUX PO3POOOK: (hOPMYBAHHS HAOOPIE NPIMUX MA
HenpsMux 03Hak cmawie ma 6iomoe PY incmpymenmie; no6yooea 8i0nosioHUX npocmopie Cmarie;
CKOPOYEHHSI POIMIPHOCHE NPOCMOPI6 CIMAHIE WIAXOM 6I060pY HAUOIIbUL IHPOPMAMUBHUX O3HAK;
nobydosa Kaacugikamopie GiOMO8 IHCMPYMEHMI6 MAa HEeOOXIOHUX GUDIUATLHUX NPAGUIL.
Posenanymo xapaxmephi 6i0Mo8u IHCMpYMEHMi6 01 4opHo8oi 0bpobku (na npuxiadi pizyis),
npueedeHo NPuKIAoU no6y008u 8iON0GIOHUX NPOCMOPIE CMAHIB (3 NPUKIA0AMU OUHAMIKU CINAHIE —
6i0 cmanie npayezoamnocmi 00 cmawny 6iomosu). IlpusedeHo cxemy cucmemu HenpamMoz2o
KOHMPOMIO 0I5l BUSHAYEHHS BIOMO8 Di3yi6 8 yM06ax yoapnozo nasanmasicenns. IIpusedeno moodeni
HepigHOMIpHO20 3HOWLYBaHHA PY pisyie 0na uucmoegoi i @iniwnoi 06pobKU, nOCmMynogozo
3pOCManHA NIOWUH 3HOWYBAHHS, NOS6U CYNYMHIX MIKpoOegheKkmie ma SUHUKHEHHS 6I0MO8.
Ockinoku eHyyki MoOyai 030001eHi THCIMPYMEHMATbHUMU MALA3UHAMU 3 6EIUKOI KINbKICHIIO
iHcmpymenmig 01 pi3HUX Munié 0OpPoOKU, GUHUKAE HeOOXIOHicmb  no6Y008U 8iON0GIOHUX
MHONCUH THPOPMAMUBHUX O3HAK CMAHIE 8I0M068 ma Kiacugikamopis. Lle, & ceoio uepzy, nompebye
BuUKOpUCMAants Memoois 6iobopy ingopmamuenux o3nax. Ilpoeedeno amaniz yux memooie ma
3aNPONOHOBANO 00 BUKOPUCTNAHHS 2EHEMUYHULL MemOO 8I000PY O3HAK K HAUGIIbUL eheKmUGHUIL.
Ka1040Bi ¢/10Ba. 6i0M08U Pi3anbHUX IHCMPYMEHMIG; PO3NIZHABAHHS, IHPOPMAMUGHT O3HAKU.
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