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QUALITY MANAGEMENT OF CUTTING TOOLS
ON HEAVY MACHINES

Abstract. The work is devoted to improving the efficiency of cutting tools on heavy machines by
developing a quality management system for its operation, determining rational operating regulations
and developing general machine-building standards for cutting. The developed model of the tool
operation control system for the first time allowed to systematically consider the structure and
relationships of all components of the process. The qualimetric approach to the tool operation process
made it possible to develop methods for quantitative assessment of the process quality and substantiate
the structure of the preparatory information subsystem.
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Improving the efficiency of metalworking, introducing resource-saving
technologies in mechanical engineering, improving the quality and competitiveness
of products is possible without the development of scientifically grounded
regulations for the operation of cutting tools, which significantly affect the working
conditions and technical and economic indicators of mechanical engineering.
Ukraine is implementing international standards ISO 9000 version 2000, which
regulate the development of quality management systems for products and
processes, the development of standards and regulatory materials [1-3]. In this
regard, the issues of certification of production processes, in particular, the
processes of operating the cutting tool, the determination of scientifically grounded
cutting modes, consumption rates and other regulations for the operation of the tool,
are of particular importance.

The solution of these issues is especially important when using cutting tools
on heavy machines of high cost. This is what determines the need to reduce their
downtime and organize the rational operation of the tool. The large dispersion of
processing parameters on heavy machines, the variety of factors that affect the
operation process, require an integrated approach to determining the control
parameters of the tool operation process, the methodology of which requires
development.

Purpose of the present work: increasing the efficiency of using cutting tools
on heavy machines by developing a quality management system for the process of
its operation, defining rational operating procedures and developing general
machine-building standards for cutting.

The methodological basis of the work is a system approach to the study of the
process of operating a tool, its conditions and features, the patterns of processes.
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Theoretical research is based on the fundamentals of qualimetry, reliability
theory, operations research, decision making, probability, and mathematical
statistics.

Existing works considered certain aspects of the operation of tools, which
concerned medium-sized machines and did not comprehensively investigate the
whole process. As a result of the transition to market conditions for the operation
of machine-building enterprises, the operating conditions for cutting tools on heavy
machines have somewhat changed [4-7]. Foreign and domestic literature sources
indicate the growing interest in assessing the quality of various production
processes [8-10]. Nevertheless, there are no systematic studies of the quality of the
tool operation process, which allow one to take into account all the variety of
factors and their relationships that affect the control parameters, in the literature.

The current standards for cutting conditions in Ukraine give very
contradictory recommendations, do not take into account modern processed and
tool materials, do not take into account modern designs of cutting tools and their
reliability, do not fully contain mathematical models that allow the use of
computers to determine cutting conditions on heavy machines. The study of the
reliability of the tool was limited to operational tests of their reliability. The use of
tools for prefabricated structures requires the development of new mathematical
models, taking into account complex reliability indicators. The costs of the cutting
tool are calculated without taking into account the probabilistic nature of its
operation, without taking into account the design of the tool and cutting conditions.
Statistical studies of the processing parameters of parts on heavy machins allowed
us to establish more common operating conditions for the tool. The work shows
that 70% of the operations that are performed on rough heavy lathes are
longitudinal turning of parts with a carbide tool. All parameters of tool operation
on heavy machines have a large scatter, which confirms the need to consider the
stochastic nature of the tool operation process. All these factors determined the
main tasks of scientific research.

Based on the use of principles of the international standard ISO 9000: 2000, a
quality system model of the process of operating tools on heavy machines has been
developed. When building the structure of the system, the operation of the tool is
for the first time considered as a set of processes: organizational, resource
management, maintenance of the technological system, preparatory information,
processing of parts and providing feedback (assessment, analysis, improvement).

The rational operation of the cutting tool is understood as such a process of its
use, in which, along with high productivity and minimal costs, the lowest possible
consumption of the tool is achieved with a given reliability and psychophysical
load on the machine operator.

A qualimetric approach was used to quantitatively assess the quality of the
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operation process. The developed hierarchical structure of properties that make up
the quality of tool operation (Fig. 1) contains properties of purpose, which are
characterized by target functions for multi-criteria optimization of the quality of
the cutting tool operation process [1]. They represent a vector of process quality
management criteria (the number indicates the level of consideration).

ut =(U13,u§,u§,u2,u§’).
Quality assessment is determined by:
i _ / o7
K’ = f(P, P )
where K,J - assessment of the complex i-property at the j-level of consideration;

P u P|3T - production quality indicators and reference (basic).

The operational quality level (which is considered at level j+1) is
determined by:

. n . .
J+1 _ J J
V3T =2K7 B,
i=1
where BiJ - the weight of the i-property at the j-level of consideration.

Indicators of the levels of properties were determined on the basis of a
questionnaire survey, instant observations, long-term statistical studies, laboratory
experiments. The basic indicators adopted are the recommendations of norms,
standards, and other regulatory documents [2]. An expert assessment of the
properties that characterize the quality of operation made it possible to identify the
most important of them, which were taken into account when developing an
information and preparatory subsystem for the rational operation of the tool (Fig.
2).

Statistical studies of the quality of the operation of tools were used on the
basis of an information databank, which calculates more than 5000 cases of
machining parts on heavy machines, which are collected at factories in various
fields of mechanical engineering.

For theoretical studies of the quality of operation, a methodology and
software for a computer have been developed using the theory of qualimetry, as
well as a methodology for expert assessment of the quality of tool operation.

To select a tool design from an information databank of designs, it is
proposed to use the cluster analysis technique, which is developed on the basis of
applied mathematical statistics using a computer (Statistica 5.5 software package).

When forming clusters, the used agglomerative hierarchical cluster-procedure.
Instrument designs from the databank are combined into classes that are
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characterized by the area of regulations for their rational operation.
Operational and laboratory tests were carried out with VK8, T5K10, T15K6

carbide tools with wear-resistant coatings, vibration treatment and ion implantation.

The acoustic emission method was used to control the quality of the coatings. To
assess the mechanical properties of the studied steels (45, 40Kh, ShKh15SG,
12Kh18N9T, 9KhS), mechanical tests of the samples were carried out in
accordance with the standards (DSTU 1497-73). The study of the operational
strength of structures in order to determine the correction factors for the feed,
which depend on the type of structure, were carried out in accordance with the
method of stepwise increasing feed.

Quality of operation of the cutting tool
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Figure 1 — The system of properties that make up the quality of the tool operation process
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Conclusions.

1. For the first time, the new model of the operational process management
system considered the structure and capabilities of all the constituent parts of the
process.

2. The qualimetric approach to the process of the tool operating made it
possible to develop methods for quantitatively assessing the quality of the process
and to substantiate the structure of the preparatory information subsystem.

3. The research results were used in the development of general machine-
building standards for cutting on heavy machines.
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YIIPABJIIHHSA SAKICTIO PI3AJIBHUX IHCTPYMEHTIB
HA BAKKHUX BEPCTATAX

AHoTauis. Poboma npucesuena niosueHH0O eqheKmueHoCmi BUKOPUCMAHHS PI3ANbHO20 THCIPYMEHNTY
Ha BAICKUX 8EPCMAMAX WIIAXOM PO3POOKU cUucmeMu YRPAGIiHHA AKICIIO npoyecy 1020 eKCNIyamayii,
BUBHAYEHHA PAYIOHATLHUX PeIaMeHmie eKchayamayii ma po3pooKu  3a2anbHO-MAuUHO6YOi6HUX
Hopmamusie pizanns. Memooono2iunoio 0cHosoio pobomu € cucmemnuli nioxio 0o GuUeYeHHs npoyecy
excnayamayii - IHCmpyMenmy, 1020 YyM08 md  0COOAUBOCMelU,  3aKOHOMIDHOCHe  npoyecis.
Cmamucmuuni 00CHIOJNCEeHHs napamempie 00poOKU Oemainell HA BANCKUX 6EPCMAMAX O03601UNU
8CMAHOBUMU HAUOIIbWL NOWUPEHI YMOo8u ekcnayamayii incmpymenmy. 'V pobomi nokasano, wo 70%
onepayiil, w0 GUKOHYIOMbCA HA HYOPHOGUX BAJICKUX MOKAPHUX BEPCMAMAX, CKIAOAE NOB300BICHE
o06mouyeanus oemaineli meepoOCnIasHUM iHcmpymenmom. Bei napamempu excnayamayii incmpymenmy
HA BAJICKUX 6EPCMAMAX MArmy GeluKe PO3CIIO8AHHS, WO NIOMBEPONCYe HeOOXIOHICmb pO32isidy
CIMOXacmuyHo20 Xxapakmepy npoyecy ekcniyamayii incmpymenmy. Ha ocHosi euxkopucmanus
npunyunie miscHapoorno2o cmanoapmy ISO 9000: 2000 cmeopena moodens cucmemu AKOCmi npoyecy
excnayamayii  iIHCmpymMeHmie Ha eajickux eepcmamax. s KinbKicHOi oyinku sKocmi npoyecy
excnayamayii - 8UKOPUCMAHO — KéalimempuyHuti  nioxio.  Pospobnena  iepapxiuna  cmpykmypa
sracmueocmetl, WO CKIAOAIOMb SKICMb  eKCAyamayii iHCmpyMeHmy, MICmums  81ACMUu8oCmi
NPUBHAYEHHS, WO XAPAKMEPUIVIOMbCs YinbosUMU GYHKYiamu 05 bazamokpumepianshoi onmumizayii
sKocmi npoyecy excnayamayii pizanvhoeo incmpymenmy. Pospobiena modems cucmemu xepysamms
npoyecom excniayamayii incmpymenmy @nepuie 00360AUNA CUCMEMHO PO3STAHYMU CIMPYKmypy ma
83A€M036 A3KU YCIX CKAA00GUX uacmun npoyecy. Kearimempuunuii nioxio 0o npoyecy excniyamayii
incmpymenmy 0ag 3Mo2y po3pooumu Memoou KinbKicHOi OyiHKu AKOCMI npoyecy ma oOIpyHnyeamu
cmpykmypy nideomogyo-ingopmayitinoi niocucmemu. Pezynomamu 0ocniodcenv Guxopucmaui npu
PO3pobYyi 3a2anbHO-MaWUHOOY OI6HUX HOPMATNUGIE PI3AHHS HA 6AACKUX 8EPCMAMAX.

KatouoBi caoBa: ynpasninnsa axicmio; pizanbuuil iHCmMpyMenm; @epcmamu; payionaivha poboma
incmpymenmy, cucmemHuil nioxio; cucmema AKOCmi.
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