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MACHINE-BUILDING TECHNICAL EXCLUSION:
TRENDS, PERSPECTIVES, WAYS

The article is devoted to the problems connected with the maintenance of functioning
(survival?) in the conditions of the modern economy of enterprises or business structures, whose
activities are aimed at the production of material assets, which is associated with the use of machine
tools. Taking into account that it is mainly small and medium-sized enterprises, the equipment with
modern high-performance but also high-cost equipment for them may not be feasible. Therefore,
modernization and repair of existing universal equipment is becoming topical. Repairs ,,alone*
require the creation of a powerful repair service, which again involves significant costs. The problem
will also be personnel issues: providing a repair service to the workers needed for this high
qualification, which need to provide the necessary amount of work and the corresponding wages.

Another direction is participation in the secondary equipment market. Realization of the
existing equipment allows to receive even small funds, but the combination of them with unused repair
and modernization costs simplifies the purchase of the necessary equipment.

A special position is occupied by large-sized equipment, the bearing system which in itself has a
significant value (not only material), and it serves as a basis for the modernization or at least the
restoration of such machines.

Key words: modernization, repair, expediency of restoration, methods of repair, secondary
market, large-sized machines.

Introduction. The level of development of machine tools in any country determines the state of
its industry, that is, its state of the economy and eventually the level of welfare of the population.
Speaking about Ukraine, the development of machine tools, as well as machine building as a whole,
does not give grounds for cloudless optimism. The situation is rather controversial: there are
enterprises that are at a fairly decent level in terms of equipment (mainly imported), which is used in
the production of its own products, and even among these products there are even domestic machines,
and there are others - with a very outdated machine tool park, which determines quality and cost of
produced products and requirements for the qualification of machine operators. One of the causes of
the crisis in mechanical engineering is the uncertainty of the market situation and economic
development, which determines the demand for rising decision-making speed. Added to this is the
unpreparedness of enterprises to modernization, unqualified management, low management,
technology, marketing literacy, ineffective information provision, lack of a systematic approach to the
problem of modernization. And as a consequence - the deterioration and loss of competitiveness in the
market both domestic and world, lowering the technical level and the potential of machine-building
enterprises. In order to solve the problem of technical re-equipment of machine-building enterprises
with a view to transfer to an innovative way of development, a radical renewal of the active part of
fixed assets must be made, and, for this, a mandatory condition is the restoration and expansion of
domestic competitive enterprises capable of assuming the delivery of equipment that is functionally
can be used instead of imported.

Formulation of the problem. The import dependence in the volume of the machine tool park is
now about 98% (Germany's largest share is 21.6%, followed by Italy and China), and in the beginning
of 2013, domestic machine-building products were even exported (=40% of the produced) [1].
Imported equipment is very expensive and it is not possible to quickly solve the problem of technical
re-equipment of enterprises. Consequently, the problem of replacing imported equipment of machine-
building plants in the short term in the conditions of the decay of domestic machine tools, limited
investments and limited human reserves (the share of skilled workers in finishing operations is =~ 50%
and half of them of retirement age, that is, existing chronic personnel deficit for existing technological
equipment).

Analysis of recommendations and possible actions. The market conditions put Ukrainian
machine building and, in particular, machine tools, the task of quality, volume and cost of production,
which can not be solved by the existing park of technological equipment, first of all - equipment for
cutting. The reasons for this are significant physical and mental deterioration (the average age is more

© I. Verba, Ph.D., O. Danylenko, Ph.D., A. Yakhno, bachelor, master's student



24 Mixceysiscokuil 36ipnux "[IEPCITIEKTUBHI TEXHOJIOIII TA ITPHUJIAJH" .
Jlyyvk, 2018. Bunyck Nel2

than 20 years), that is, the impossibility of implementing modern technology. The structure of the park
also does not meet modern requirements and trends, for example, a large proportion of equipment with
manual control in a shortage of labor resources, especially skilled personnel. Even that machine park,
that is, is not maintained in proper condition because of the reduction of the scope of the system of
planned and preventive repairs in modern conditions, and so on.

In [9] the possible ways of solving the problem are given:

— creation of machine tool enterprises, jointly with leading manufacturers of machine tools, as a
way to produce costly special, heavy and precision (precision of 1.0-0.1 microns) equipment
required by the defense and aerospace industries;

— the restoration and technical re-equipment of their own machine-tool enterprises with the focus
on the production of CNC machines of traditional layout, average cost and medium accuracy
(0.02-0.001 mm);

— development of small and medium-sized enterprises focused on the production of small-scale
industrial, household and educational equipment and mechatronic knots for different purposes
of comparatively low accuracy (0.05-0.02 mm) and significantly lower value.

That is, one of the main tasks is the creation and expansion of their own enterprises that are
capable of producing machines that can be used instead of imported and cheaper, while
simultaneously contributing to the development of the domestic economy and providing jobs. But all
this is complicated by limited financial and human resources and timing.

Presentation of the main material. Technical re-equipment of the enterprise, which will
ensure the growth of its competitiveness, is aimed at:

— introduction of new (progressive and flexible) technology and modernization of the existing,
which will change not only the age structure of the park, but also technological and standard
size and level of automation of production;

— introduction of up-to-date technologies and, accordingly, increasing production volumes and
reducing the labor-intensive production processes and reducing the number of skilled personnel;

— upgrading of personnel skills, which will result in increased productivity and quality of
processing, as well as qualified equipment operation;

— improving the structure and organization of production (for example, increasing the loading of
equipment and, accordingly, returning assets, eliminating bottlenecks, etc.).

Technical re-equipment of existing enterprises may involve a partial reorganization and
extension of production space due to significant equipment dimensions or vice versa. For example,
technological design of the project involves the use of rationally sound and non-standard equipment,
which is chosen on the principle of "optimal technological specialization" and may result in a
significant reduction of the area (in practice, up to 2-5 times [2]), which will lead to a decrease in the
cost of production and, accordingly, will increase its competitiveness.

In general, the technical re-equipment of the enterprise may have different goals: commercial or
strategic, the implementation of which is determined by the type of modernization. For example,
complete re-equipment of production and the introduction of advanced technologies provides long-
term competitive advantages, lower costs, improving product quality, modernizing and replacing
certain obsolete and physically worn out equipment - reducing costs for individual operations and
improving their quality, and improving the support and economic services - reducing indirect costs
and reducing the number of workers that are not directly involved in production [2].

The choice of technological equipment to replenish and refurbish the machine tool park is a
rather challenging task. Provides an assessment of the competitiveness of the technical characteristics
and performance indicators and cost, but also on non-price indicators, such as authority and business
reputation of the manufacturer, product certification, availability and level of maintenance, the ability
to obtain, if necessary, nodes or parts for replacement and repair services, etc. . In information sources,
information is available on the methodology for predicting the development of a machine gun,
determining the rating of enterprises, estimating the technological structure of the park and its
flexibility. A. Korniyenko [4] shows inconsistencies that are possible between an array of parts to be
processed (characterized by type of processing, dimensions, precision, labor intensity), and
capabilities of the machine tool park:

The choice of technological equipment to replenish and refurbish the machine tool park is a
rather challenging task. Provides an assessment of the competitiveness of the technical characteristics
and performance indicators and cost, but also on non-price indicators, such as authority and business

© I. Verba, Ph.D., O. Danylenko, Ph.D., A. Yakhno, bachelor, master's student



Mixcsysiscoxuii 36ipnux "IIEPCIIEKTUBHI TEXHOJIOII TA IIPUJTAITH". 25
Jlyyvx, 2018. Bunyck Nel2

reputation of the manufacturer, product certification, availability and level of maintenance, the ability
to obtain, if necessary, nodes or parts for replacement and repair services, etc. In information sources,
information is available on the methodology for predicting the development of a machine gun,
determining the rating of enterprises, estimating the technological structure of the park and its
flexibility. A. Korniyenko [4] shows inconsistencies that are possible between an array of parts to be
processed (characterized by type of processing, dimensions, precision, labor intensity), and
capabilities of the machine tool park:

— dimensional - when there is no equipment of the required standard size and processing is carried
out using a larger size, which results in an increase in the cost of processing (occupies a larger
area and consumes more energy). A very significant increase in cost can be a justification for
the purchase of equipment of the required standard size;

— structural - when there is no equipment of the required technological group and it has to be
purchased or leased,;

— productive - when an existing park does not provide the required productivity.

A. Kornienko introduces the notion of a harmonious park, that is, a park that is capable of
ensuring the implementation of a promising volume of work with minimal cost. Thus, the purpose of
the enterprise is to transfer the park to a harmonious state. As criteria for choosing ways to eliminate
inconsistencies, one can consider the costs and time to harmonize the park provided that the
production program is being carried out.

Modern machine-building production differs significantly from the Soviet era and not only the
quality, capabilities, technical characteristics of equipment, automation of logistics, and above all the
level and principles of organization and management.

In conditions of mass and large-scale production, it was impossible to introduce a constructive
change in the machine-tool existing in the enterprise or its technical characteristics, and any
adjustment was not related to other products, but to other standard sizes of products (with the
exception of aggregate machines), it took a considerable amount of time and yet it was limited.

The requirement to ensure the flexibility of equipment and quick adjustment for the production
of small batches of other products has led to the widespread use of the modular method in design.
Modern machine-tool plants are oriented more quickly to the assembly of finished purchase modules
or aggregates that combine several modules and are also functionally independent, rather than the
development and production of the machine and its components directly. Exception is the carrying
systems, which are projected directly at the plant. The modules of different manufacturers of the same
functional purpose are represented on the market and the designer should (on the basis of comparative
analysis, using methods of system analysis, etc.) to select the components that are best suited for the
execution of the technical task. It is clear that the assembly and layout of the machine may be
different, and the tasks will be solved similar, or, conversely, technical specifications will be provided
that will differ significantly and the area of the used equipment will be different. Modular equipment
can be developed by the manufacturer for a specific order and needs of future operation and
significantly accelerate the development of new products. The next step is the additive modular
machines that are oriented not to processing with the removal of unnecessary material, but to
"cultivate" the details of the desired shape and size. Thus, small and medium-sized businesses, which
are tasking with the production of mechatronic modules, is a rather promising direction, all the more
so that much smaller areas and human resources are required for its implementation, and the shortage
of skilled personnel is offset by the high level of equipment automation.

Development of the concept of equipment upgrades, project documentation, selection of
components and assembly and adjustment may be carried out by engineering centers already operating
in Ukraine and offering their services. However, modernization and repair may engage a specialized
company and directly to the enterprise user, if it allows the qualification of its employees who know
the products and capabilities of the enterprise, used equipment (especially specialized) and can
identify problems arise.

In [5], the character of the decline in the utility index (contains relative factors of productivity
and accuracy) for the user with the operating time on the example of turning and milling machines
with manual control are given. Equipment loses half of its usefulness at the age of 15 years, so existing
machines at their age have usefulness no more than 30% of the nominal. So is it worth to repair them
and still have a loss from idle time? Maybe it's better to dispose of it and get very little money? Losses
from simple art equipment (CNC machines, machining centers, flexible manufacturing modules, etc.)
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20-30 times higher than the losses from idle tools universal, which leads to increasing demands for
quality and duration of repairs.

Of the total cost of repair, 60-65% is spent on the manufacture of spare parts, while the greatest
cost are the spare parts made in the repair shop of the plant, which machine is operating: they are more
expensive than those produced by the manufacturer-manufacturer, approximately 4.5 times.
Progressive methods for restoring parts (vibro-impulse surfacing, different types of coatings, the use
of epoxy compounds and polymeric materials, etc.) can restore worn surfaces to nominal sizes, but
these methods are often used in a primitive form due to the fact that they are implemented for small
batches and a limited range of parts. But unequivocally the task of choosing a centralized or
specialized form of repair organization is not resolved because of the many varieties of equipment and
components that need to be replaced depending on whether the production of equipment continues and
in which country (for example, a number of US, Hungary, Germany, Japan and some companies other
countries supply the user with any details of the equipment 10-12 years after the cessation of
production [7]).

Machine tools that have been in service for a long time and are worn out and outdated have a
certain value for the enterprise: they can be sold (secondary equipment market) and use the funds
received to purchase state-of-the-art equipment, but the amount received requires a substantial
additional payment, which the entrepreneur may not be is capable So many of the entrepreneurs are
forced to restore the machines with simultaneous modernization, especially when it comes to large-
sized machines that produce them limited and they do not have a constant load (that is, it is more
expedient to apply also to execute orders of other firms). The secondary market of machines is
constantly expanding. American and German firms have a great deal of experience in the restoration
and modernization of machine tools [7]. For example, in the United States it is considered
inappropriate to rebuild and modernize machines, the cost of which is less than 125 thousand - more
profitable to dispose of and buy new ones. American firms are trying to repair and upgrade very large
machines (horizontally boring, turning carousels aged 30-40 years), which have well-preserved base
parts and are thermally stabilized. Manufacturers can repair and upgrade both their own machine tools
and machines of other firms. With increasing complexity of repairs consider different types and
categories of repairs [4]. Repair firms even compete with direct manufacturers (replacing everything
except casting, the components use the same ones as the manufacturers), some 60% of the company's
turnover is spent on the purchase of large horizontal boring and turning carousel machines, their
restoration, modernization and subsequent realization, and this process lasts no more than 4 months.
The cost of a completely refurbished machine is 55-60% of the cost of the new and pays off at its cost
from 250 thousand dollars [7]. The repair firm (for example, New Century Remanufacturing) even
performs the appropriate calculations and, if possible, satisfies the requirements and wishes of the
customer who need to make constructive changes, qualitatively restores the technical documentation,
especially hydraulic and electrical schemes, which, of course, increases the cost of repair and
modernization.

In Germany, the limits of the efficiency of repair and modernization are significantly lower than
in the United States: from 150 thousand marks. The upper limit (500 thousand marks) exists for large
milling and multipurpose machines (the companies Heyligenstaedt, Schiess, Dorries-Scharmann,
Wotan and Skoda), the cost of refurbished the machine is 30-50% of the cost of the new. In Germany,
the modernization of machines, even their only equipment with CNC systems of varying degrees of
complexity, has broad prospects [7].

In [8] the recommendations and results of the survey of leading specialists, the priorities of
buyers and customers of the United States are given. The analysis showed that the greatest value of the
buyers provide reliability and performance characteristics of machines and accuracy of processing.
Considerable attention is paid to the availability of spare parts (priority 91.9%) and the system of
factory maintenance and technical support (priority 89.7%), and the cost of spare parts (priority
59.9%) is more important than the cost of the machine (priority is 56.9 %)

Thus, we will note the possible directions of action for the purpose of technical re-equipment of
the enterprise or industry as a whole:

— complete replacement of the machine tool park - the road is very costly, requires justification of
economic feasibility, even in the case of the creation of a new enterprise;

— use of the necessary equipment purchased on the secondary market (ie upgraded and renewed)
or its own repaired;

— full orientation to the equipment, repaired and modernized more desirable with the involvement
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of specialists of a specialized enterprise;

— Major repairs of equipment by themselves - the worst option.

Of course, it is unlikely that any of these options will be implemented so to say "in its pure form",
but the consequences can be indicated immediately as to the cost associated with the introduction of
modern technologies. But in any case it is expedient to develop the secondary market of technological
equipment.

The second question (and most importantly!) Is to determine the composition of the required
equipment.

To evaluate the technological potential and needs of the enterprise, technological audit is used,
which is one of the most widely used methods of complex express-analysis, and involves a
combination of quantitative and qualitative estimates of the enterprise, that is, in essence, considered
as a method of system analysis. But the purpose of technological audit is specific: it does not indicate
the way of solving problems of the enterprise, but assesses the ability to understand and implement
necessary changes, in particular, to the introduction of new technologies.

Even assuming that the specialists of the enterprise know the future production program, which
in itself is not realistic in the conditions of market conditions and small-scale production, then choose
the necessary equipment not at cost, but on indicators of efficiency at a considerable volume of offers
in the market is not the same simple task. The study of foreign scientists relates to stable market
conditions and to apply their results and, in particular, the methods proposed for managing market
relations and ensuring non-crisis development, in Ukraine is impossible.

Now a number of scientific studies on the application of methods of system analysis have
appeared, but they mainly concern issues of economics and production management. However, we can
call it an example [1, 3, 6]. However, despite these results, these and other open source information do
not include specific generalized recommendations.

Conclusions As a result of the analysis, it has been established that in the first place there is a
need to develop a methodology for determining specific output data for the technical re-equipment of
the enterprise, namely the assessment of the technological potential and needs of the enterprise
(determining the required technological groups and standard sizes of equipment according to the
future production program), taking into account the analysis market for machine tools and products in
demand. To this end, it is expedient to use the capabilities of information systems and operating
databases. Without such information, everything will be reduced to intelligent conversations and
games with words about how to perform a comparative and competitive analysis of what is unknown,
some conditionally chosen equipment that is suitable in all cases, and in practice will not be loaded
sufficiently.

There is a problem in structuring information and recommendations on the application of
methods of system analysis in a particular engineering industry, for the consideration of specific tasks,
which requires, for example, a comparison of technical characteristics similar to the functional
purpose of products of different manufacturers.

So the problem posed requires consideration, and not individual researchers for some specific
cases, but generalizations.
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TEXHIYHE NEPEO3BPO€HHS MAINIMHOBY IYBAHHSI:
TEHJIEHIIII, MEPCIIEKTUBH, HIJISAXU

Cmamms npucesuena npobremam, nog s3aHum 3 3a6e3ne4eHHsAM QYHKYIOHYBAHHS (BUMHCUBAHHA?) 6
YMOBAX CYYaAcHOi eKOHOMIKU NIONPUEMCIE YU DI3HECOBUX CIPYKMYP, OifANbHICIb AKUX CHPAMOBANHA HA
BUPOOHUYMBO MamepianbHux YiHHOCMElU, AKe N06’sA3aHe 3 GUKOPUCTNAHHAM — 8EPCMAMHO20
obnaonanus. Bpaxosyrouu, wo ye nepegadcro nionpuemcmea OpibHO20 [ cepedHbo2o 0Oi3Hecy,
OCHAWEHHSI CYYACHUM BUCOKONPOOYKMUBHUM ajle Ui 3 GUCOKOI0 8apmicmio OONAOHAHHAM OISl HUX
Mmodce Oymu He3OiticheHHum. Tomy axmyanvHum cmae 3aOe3neueHHs MOOepHizayii i pemoHmy
ICHYI0U020 YHIGepcanbHo20 00NA0HAHNA. 3OTUCHEHH DEeMOHMY ,, CAMOMYICKU * nompebye cmeopenHs
NOMYIHCHOT PEMOHMHOI CIyHCOU, WO 3HOBY JHC MAKU NOG A3aHe 3 3HAUHUMU eumpamamu. IIpodremoro
makodxc 0yoe i Kaopose numanHa. 3a0e3nevenHs peMOHMHOI CLyHcou npayienukamu nompioHoi ons
Yb0o2o 6ucokoi Keanigixayii, akum nompiono 3abe3neyumu HeoOXIOHUL 00cse pobomu i 8i0N0GIOHY
3apobimuy niamy.

THwuti Hanpamok — ywacme y pobomi puHKY 6MOPUHHO20 001aoHanHA. Peanizayis nasenozo
001AOHAHHS 00380IAIE 00EPHCAMU X0UA | HEGeIUK] KOWMU, dlle NOEOHAHHSA IX 3 He BUKOPUCMAHUMU
BUMPAMAMU HA PEMOHM [ MOOEPHIZAYII0 CNPOULYE NPUOOAHHL NOMPIOHO20 0OIAOHAHHSL.

Ocobnuee nonoscenns 3aumac geauxoeabapumue 0ONAOHAHMSA, HeCYYd CUCeMA K020 MAE
cama no codi 3HAYHY YIHHICMb (He MITbKU MaAmepiaibHy) [ ye cayeye niocmaegoro 0Jisi MOOePHIzayii uu
NPUHAUMHI 8I0HOBNIEHHS MAKUX 8ePCMAMIs.

Knrouoei cnosa: mooepuizayis, pemoum, OOYIIbHICMb GIOHOGICHHS, MemoOU pPEeMOHMY,
6MOPUHHUL PUHOK, 8eIUKO2ADAPUMHI 6epCmamu.

H.H. BepOa, K.T.H., A.B. Jlannnenko, k.T.H., A.C. fIxHo, 6akajgaBp, CTyAeHT MATHCTPATypPbl
HaumoHanbHbIM TEXHUUECKU YHUBEPCUTET YKpauHsl ,,KNEBCKUI MONUTEXHUYECUN HHCTUTYT UMEHU
Urops Cukopckoro®

TEXHUYECKOE IIEPEBOOPYKEHUE MAIIMHOCTPOEHMUE:
TEHAEHLIUU, HEPCIIEKTUBBIL, ITYTHU

Cmambws nocesujena npoonemam, CesI3aHHbIM ¢ obecneyeHuem GYHKYUOHUPOBAHUS (8bIHCUBAHUA?)
8 YCI0BUSX COBPEMEHHOU IKOHOMUKU NPEONPUSMULL Ul OU3HeC-CIMPYKIMYp, 0esimeibHOCb KOMOPbIX
HANpaenieHa Ha npou3eo0Cmeo MamepuaibHblX YeHHOCMel, C85A3AHHOe C UCHOIb308AHUEM CIAHOYHO20
000opydosanus. Yuumeiedas, umo 3MO 8 OCHOBHOM NPeONpuUsmus MeNKoe0 U CpeoHezo OusHecd,
OCHAUeHUE COBPEMEHHBIM BbICOKONPOU3B0OUMENLHBIM HO U C 8bICOKOL CHOUMOCHbIO 000PY008aHUEM
0151 HUX MOdicem Oblmb HeBO3MONCHbIM. 11059momy axmyanbHbiM CIMAHOBUMCs obecheueHue MOOepHU3AYUL
U peMomma  Cywecmeyloujeeo  yHugepcanvbho2o obopyoosanus. OcyujecmeneHue pemonma
,, CAMOCIOSIMENbHO *“ mpebyem co30anHusi MOWHOU PeMOHMHOU CILYJICObl, IMO ONSIMb JICe C8A3AHO CO
sHauumenvubiMu 3ampamamu. Ilpobnemou makdce 6yoem u Kaoposvlli GONPOC: obecnedenue
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Mixcsysiscoxuii 36ipnux "IIEPCIIEKTUBHI TEXHOJIOII TA IIPUJTAITH". 29
Jlyyvx, 2018. Bunyck Nel2

PEMOHMHOU CYHCObL PAbOMHUKAMU HEOOXOOUMOU Ol DMO20 BbICOKOU KEAMUPUKAYUU, KOMOPLIM
HYJICHO 0becneyums HeobXooumblil 06vem pabombl U COOMEEMCMEYIOUIO 3aPAOOMHYI0 NIANY.

Lpyeoe Hanpasnenue - yyacmue 8 pabome pwIHKA 6MOpUuHO20 000pydoeanus. Peanuzayus
umMerowe20cst 000py008anUsl NO360IsIEN NOJYYUMb XOMs U HeDOblUe CPedCmea, HO couemanue ux ¢ He
UCNOTL30BAHHBIMU 3aMPAMAMU HA PEMOHM U MOOEPHUZAYUIO YRpoujaem npuobpemetue Heobxooumozo
0060py008anus.

Ocoboe nonosicenue 3anumaem KpynHoeabapumuoe o0060pydosanue, HeCywdas cucmema
KOMOpPO20 uMeem cama no cebe 3HAYUMENbHYI0 YEHHOCMb (He MOAbKO MAMEPUAIbHYI0) U MO
CYIHCUM OCHOBAHUEM OJIsL MOOEPHUZAYUU UTU XOMSL Obl 8OCCNAHOBNEHUS MAKUX CIMAHKOG.

Knrouoei cnosa: mooepuizayis, pemoum, OOYIIbHICMb GIOHOGNCHHS, MemoOU pPEeMOHMY,
6MOPUHHUL PUHOK, BEIUKO2AOAPUMHT 86epCmamiu.

Crarts Hamidnwa 1o pepakmii 25.05.2018.
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