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CONCEPT OF THE MULTYNOMENCLATURE RECONFIGURABLE
MACHINE REPAIR CLUSTER

Topicality. . Ensuring reliable functioning of equipment and mechanisms by forming a machine-building cluster,
which reduces the idle time as a result of the creation of flexible technological systems based on numerically controlled
machine tools. The reliability of the functioning of production facilities created at the machine-building and processing
enterprises is achieved not only by high-quality manufacturing, but also by the level of service, which is a continuous
support of the working capacity of machines and mechanisms, based on the timely provision of spare parts and repair and
maintenance products.

Aim and tasks The purpose of the article is to search for innovative model of repair production, based on ensuring
its flexibility through adaptive reconfiguration of technological equipment, focused on supporting the life cycle of the main
production. Development of high-performance technologies, aimed at achieving advantages in the selected sectors of the
economy.

Research results. The conceptualization of the maintenance of the machine-repair function in the structure of the
reconfigurable multi-cluster cluster, formed on the innovation platform of the machine-assembly shop on the basis of
mobile intelligent machines with kinematics of a parallel structure, was realized. The gamma (dimensional series) of
elements of the reconfigurable manufacturing system on the basis of mobile machines with parallel kinematics and
intelligent control systems, which allows maintenance of a machine-repair cluster on the basis of reconfigurable
productions, is developed. The proposed concept can be offered as a market product in the form of a gamut of mobile
machines with intelligent control for different productions. The concept of reconfigurable multi-nomenclature production,
based on a fundamentally new approach to layout, in particular, a mechanic-assembly shop of competitive production with
the use of mobile intelligent machines with kinematics of a parallel structure, has been formed. The method of position
identification, kinematic and dynamic parameters of mechanisms with the parallel kinematics structure, of which mobile
machines are composed, is developed.

Conclusions. The proposed ideology of the formation of the production structure of the cluster will ensure the
consolidation of all types of capital: production, labor, financial, social and create conditions for the synergistic effect as a
result of constructive interaction in the process of functioning of the BRMK.

Key words: machine-repair production, cluster, flexible production-technological systems, CNC machines.
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KOHUIEITIIIAA BATATOHOMEHKJIATYPHOI'O PEKOH®IT'YPYEMOI'O
MAIINMHOPEMOHTHOT O KIIACTEPA

Axmyanvuicme. 3abesneuenns HAOIIHO20 (DYHKYIOHYSAHHS O0ONAOHAHH [ MEXAHIZMIE 304 PAXYHOK (DOpMYeanHs
MAWUHOOYOIBHO20 KIACHEPA, WO 3HUNCYE MPUBATICMb HPOCMOI8 8 pe3yibmami CMBOPEHHA SHYYKUX MEXHOIO02IYHUX
cucmem Ha 0asi eepcmamis 3 UUCIOBUM NPOSPAMHUM VAPAGIIHHAM MA DPEeKOHQI2YPYEMUX MEXHONOSIYHUX CUCMEM.
Haoiimicme ¢ynxyionysanns eupoOHUUUX NOMYI*CHOCIEN, WO CMBOPEHI HA MAWUHOOYOIBHUX | NEpepOOHUX NIONPUEMCINGAX
00csA2aemvbCsl He MIIbKU BUCOKOAKICHUM BUSOMOBIEHHAM, d U DIBHeM 00CIy208Y8aHHA, A ye € 0e3nepepeHolo NiOmpuMKow
npaye30amHoCmi Mawiur i Mexamizvis, uj0 3aCHOBAHE HA CBOEYACHOMY 3a0e3neyeHHi 3anaCHUMU YaACMUHAMU | PeMOHMHO-
eKCHIyamayitiHumMu eupobamu.

Mema ma 3ag0anna. Memoto cmammi € nowyKk iHHOBAYIUHOI MOOeNi PeMOHMHO20 8UPOOHUYMEA, 3ACHOBAHO20 HA
3abe3neyenni 1020 SHyUKOCmi ULISXOM A0aAnmueHoi peKoHgizypayii mexHono2iuno2o o6nadHants, Wo opicHmosane Ha
NIOMPUMKY HCUMMEBO2O YUKTY OCHOBHO20 SUpOOHUYMEA. Po3pobKka eucoKonpoOyKmueHUX mexHounozill, CHpAMOBAHUX HA
docsazHenHs nepesae 8 BUOLIEHUX CEeKMOopax eKOHOMIKIL.

Pesyromamu.  30iiicheno  Kowyenmyanizayiio  3a0e3nevenHs MAuuHOPeMOHmHOi  @QyuKyii 6  cmpykmypi
peKongpicypyemo2o 6a2amoHOMeKIamypHo20 Kiacmepa, cQhopmMo8ano20 Ha IHHOBAYIUHIN NAAM@DOPMI MEXAHOCKAAOANbHO20
yexy Ha 0asi MOOIIbHUX [HMENeKMYAIbHUX 8epCmMamie 3 KiHeMamukow napanenvroi cmpykmypu. Pospobnena eamma
(po3mipHuil pso) enemenmie peKOHEI2YpO8aHOi UPOOHUYOI cucmemu Ha 0a3i MOOIIbHUX GepCMAamié 3 NAPANLENIbHONO
KIHeMamuKo0 i IHMeNeKmyaIbHuUx CUCmeMm YAPAGIiHH:, W0 00360JIA€ NIOMPUMYBAMU MAUUHOPEMOHMHUL Kiacmep Ha 0a3i
pekongicyposanux supobHuyms. 3anponoHosana KOHyenyis modice Oymu 3anponoHo8ana K PUHKOBULL Moeap y eueisioi
eamu MOOINbHUX @epcmamie 3 IHMeNeKMYAlIbHUM YAPAGHIHHAM 04 pisHux eupobnuyms. Cgopmosana KoHyenyis
PEKOHIZYPYEMO2O  6ALAMOHOMEHKIAMYPHO20 — GUPOOHUYMEA, 3ACHOBAHO20 HA NPUHYUNOBO HOBOMY NiOX00i 00
KOMNOHYBAHMSA, 30KpeMd, MEXAHOCKIAOANbHO20 YeXy KOHKYDEHMOCHPOMONCHO20 BUPOOHUYMBA i3 3ACMOCYBAHHAM
MOOIILHUX THMENEKMYANIbHUX SEPCMAMIE 3 KIHeMamuxow napaneivhoi cmpykmypu. Pospobneno memoo ioenmugbikayii
NONOJICEHHS, KIHEMAMUYHUX T OUHAMIYHUX NAPAMEMPI8 MEXAHI3MIG 3 KIHEMAMUKOIO NapaneibHOi CIMPYKIYpI, 3 SKUX CKIAOAIOMbCsL
MOOITLHI 6epcmamu-pobomu.

Bucnoeku. 3anpononosana ioeonocis hopmysants supooHuyoi cmpykmypu kiacmepa 3abe3neyums KOHCOnioayio
6CIX 6UOI8 Kanimanig: BUPOOHUY020, MPYO08020, (DIHAHCOB020, COYIANBLHO20 I CMEOPUMb YMOGU OJii OMPUMAHHSI
CUHEP2eMUYHO20 eheKmy @ pe3yibmami KOHCMPYKMUsHoi 63aemo0ii 6 npoyeci ¢pyuryionysanns bPMK.

Kniouosi cnosa: mawunopemonmue upooHUYmMe0, Kiacmep, eHyYKi 6UpOOHUYO-MEXHON02IYHI CUCeMU, 8epCMAamu

3 4I1y.

Problem statement and its connection with important scientific and practical tasks. The production
capacities created at machine-building and processing enterprises vary greatly from universal to highly
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automated equipment and automated systems. The reliability of their operation is achieved not only by high-
quality manufacturing but also by the level of service. In particular, it is continuous support of the working
capacity of machines and mechanisms involved in continuous processes, based on the timely provision of spare
parts and repair and maintenance products [1].

Analysis of recent publications on the problem. Based on the experience of the main mechanics of
enterprises and the assessment of the impact of the conditions and modes of operation of the main equipment on
the costs associated with the maintenance and repair of this technique, it can be concluded that optimization of
the repair base and the maintenance rules of the equipment of the main production allows more than 50%
increase the number of operational equipment without removing it from the production cycle [2, 3, 4, 5].
Optimization of spare parts stocks also increases the reliability of machinery of the main production [6, 7].
However, there is no information about the organization of repair production on the basis of modern ideas about
flexible manufacturing, based on the concept of reconfigurable production systems.

Allocation of previously unsolved parts of the general problem. The main energy-consuming equipment
of large enterprises, which can include processing and logistics complexes, have a long operating life, which
negatively affects reliability and leads to higher costs for maintaining its efficiency. At the same time, there are
no promising system solutions aimed at a radical reconstruction of the existing repair production. Also, there are
no substantiated decisions related to the necessity of constant updating of the equipment and its adaptation to the
nomenclature of spare parts and constantly changing repair and maintenance products.

Formulation of research objectives. The purpose of the study is to find an innovative model of repair
production, based on providing its flexibility through adaptive reconfiguration of technological equipment,
focused on supporting the life cycle of the main production.

Outline of the main results and their justification. The most effective form of economic organization
and interaction in the implementation of the tasks is a cluster that should be defined as a voluntary association of
engineering and operating machine-repair enterprises, consumers of their products and services and service
outsourcing companies united in a single innovative investment platform. Consolidating the basis for the cluster
to be social capital, ensuring effective exogenous and endogenous production and information links that allow
you to get the maximum synergistic result which should be distributed transparently between the founders and
members of the cluster. [8]

Such comprehensive paradigm lies in the economic experiment, implemented within Adzhalyksky
transport and logistics hub for example maintenance of cargo handling equipment that almost all 26 stevedore
companies that are part of this contact zone "land-sea".

Based on the pilot project (Phase 1 experiment) carried out under the TIS group companies — Trans-
invest-service planned to test the organizational and economic mechanism of repair and optimize the operational
management of the service handling equipment.

Given the strategic perspective of a moulded hub, estimated at $ 3 billion worth of investment. by 2038.,
the economic efficiency of the developed engineering cluster has significant potential both in the short-term and
in the long-term period.

At the initial stage of constructing a cluster, the following models may be used:

a) Cluster, the creation of which focuses on the creation of a joint management body in which members of
the cluster delegate their representatives, giving them the right to take decisions in the area of competence of a
policy document cluster (logistics, investment, introducing effective technologies, search for contractors to
create innovative technologies, etc.)

b) A cluster, in the creation of which the primary value is the accumulation of total funds of cluster
members for further implementation of program objectives.

c) A cluster, the creation of which begins with the creation of a budget for the implementation of program
objectives, with the determination of the stake contributions of cluster members.

g) Cluster. the construction of which occurs through the creation of a business enterprise-legal entity, or
without such - within the framework of the agreement on joint activities involving the bank as a body
controlling the spending of funds.

Maintenance of processes associated with downtime and high costs, such as loading and unloading, is of
paramount importance because tens of thousands of hryvnias cost an idle time. Such is the servicing of transport
and lifting - transport mechanisms on the railroad, or sea freight transport. It is also important for the
maintenance of warehouses.

2018 EKOHOMIYHI THHOBAILII{ 93
Tom 20, Bum. 4 (69)



Repair production of the services of chief mechanic is traditionally equipped with machining equipment,
the technological capabilities of which depend on its standard sizes, qualifications of machine-tool workers and
the level of automation of production. A variety of spare parts and repair and maintenance products require the
maintenance of a large park of technological equipment. This increases the cost of spare parts and repair and
maintenance products and the risks increase the duration of idle equipment involved in cargo handling and
logistics operations. This is a way to increase losses from the downtime of the main freight transport of seaports
and railways.

One of the factors behind the increase in the cost of repairs is the formation of a park of technological
equipment on the principle: "for all occasions." The need for purchase and its subsequent use is dictated by the
features of the range of spare parts and repair and maintenance products - instability in time and a large range of
sizes and requirements to them. However, this property of this nomenclature has a close affinity to the
requirements of the market, to the variety and variability of products that participate in the market environment.

A traditional approach to addressing this issue involves the creation of flexible manufacturing technology
systems based on numerical control equipment. The high cost of flexible manufacturing complexes (FMC) is
one of the main reasons for the low level of their acceptance or satisfaction. Unlike specialized systems, CNC
machines are not designed to meet the technological needs of spare parts production. Rather, CNC machines of
general purpose are constructed before the manufacturer selects the machines and before the process of planning
is started to adapt the machine and the process to the part. Flexible systems and machines are created with all
possible functionality since the machine tool manufacturer does not know in advance the area of the use of the
processing centre, which creates the main expense. Thus, providing the general assumption that the VHS is
capable of producing: any product (within a given family), in any combination of parts and in any sequence.
This approach increases the cost because it requires a parallel system structure for FMC, which uses powerful
processing centers of general purpose with a very large tool magazine and multiple tool sets, which is a very
costly solution. However, there is a stable low level of performance of such systems at a high-cost level.

Assuming that the complexity of manufacturing T; of products i is directly proportional to the
complexity of the product C; and inversely proportional to the technological capabilities of j equipment4;, then
the characteristic of the multi-choice production is the set of }.; N;(C;), which is related to the speed of release
products with the following ratio (1):

Ci/Aj
Sy " v (4, 0)dt = 5 Ni(C) (1)
where V(Aj, t) is the speed of satisfaction with the technological system of the needs for spare parts and
repair and maintenance products.

For the function V(A]-, t) =k- A]‘-"'t, where o is an index of its nonlinearity (o> 1), expression (1) takes
the form (2):

K o[

Zi[k'ﬁj]:Zi[k' ljnA], 1= Xilk/In4; - (4 Yon1=mime )

From this, we can conclude that the range of complexity of spare parts and REI requires the adaptation of
technological capabilities equipment machinery repair facilities. In fact, the functional connection V(Aj,t) =
k- AJ‘-"'t and equation (2) represent the process connection of the nomenclature Y; N;(C;) and the technological
capabilities of the equipment, -any moment of time these opportunities should be flexible to meet the continuity
of satisfaction of repair and operational needs. Therefore, the improvement of production and technological
systems is the most important component of the development of the production of new products, which can
compete in the machine-building market for a long period of time. The problems associated with the use of
equipment that has formed these production facilities are shared by us because of the fact that the traditional
technological processing systems of materials have approached their technological limit and almost completely
exhausted their resources and opportunities for significant improvement of technical and economic indicators
[10, 12,13, 17].

Among these problems is the provision of technological flexibility of equipment in the conditions of
multi-choice production with a wide range of product parameters, and one of the ways of solving this problem is
the concept of reconfigured clusters of main equipment [18, 19, 20, 21, 22, 23, 24]. Particular prospects for the
rebuilding of the machine-building park of machine-assembly workshops open up mobile machine tools on the
basis of mechanisms with the kinematics of a parallel structure [11, 12, 13, 14, 17].
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Reconfigurable production systems is a new production approach that not only combines the high
throughput of specialized lines with flexible FMC but also is able to respond to changes quickly and efficiently.
This is achieved through the design of the system and its machines, adapting the structures that allow system
scalability in response to market demands and system adaptation to new products. The structure can be
corrected at the system level and at the machine level (change of machine hardware and software management,
for example, adding spindles, or changing tool store) [19,20]. Functional capabilities and cost-determine the
difference between reconfigurable production systems, traditional automatic lines and FMC. While automatic
lines and FMCs are installed in full functionality, the PBX changes capabilities and functionality over a long
period of time, as the system responds to changing circumstances in the market.

Thus, the reconfigurable systems differ from their existing systems with their ability to change. The main
advantage is the ability to have the given flexibility for manufactured products. It is also very beneficial to
manufacturers that the fact that, with its flexibility for flexibility, the PBC is much cheaper than existing flexible
systems. This is due to the use of cheaper equipment.

The formation of a progressive method of mechanic-assembly shop requires the specification of its
features, similar to the scheme of causal relationships, proposed (Fig. 1).

Increasing the flexibility of production on the basis of
mobile machine tools

. - i - Incr he level of
Increasing the mobility of E)X(;Irl;:)c;no?zaN%rr?wanhitnh: ¢ ea_lse t fe ¢ de 0_
metal-cutting machine tools P (ool automation of production
| I ! .
Increased requirements Reducing the duration
Reducing the value of fixed for the rgduction Exclusion of human of technological
assets envirponment factor preparation of
production
I
Reducing the cost of Application of
New functionality metal cutting complex control
machines systems
T J 1 | |
Reqtuceddmetal Increasing variability Optimize the working The inclusion of complex
. (,:[apa§t| Y in e_nergyt equipment space of a mobile flexible automated
Intensity ot equipmen configurations machine systems
| | |
Up(_:iatl_ng the Int_egratlon in the_ Management based on
monitoring and solution of production
- - neural network models
diagnostic system tasks

Fig. 1 Interconnection of features of production on the basis of mobile machines with kinematics
of parallel structure
Source: author's development
As shown in the scheme, the use of mobile machines with the use of mechanisms requires the complex
management of their executive units, which are based on fundamentally new methods and methods of control
and diagnosis of new equipment, technological processes and products. And the introduction of mobile
machines provides:
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- change of the structure of the production environment by changing the layout of equipment, an
organization of working space, transportation;

- change of properties of components of the environment;

- reduction of the information entropy of the environment;

- change of energy saturation of the environment;

- change of information saturation environment;

- change of intellectual properties of the environment.

This list is based on the development of operations of technological, energy, information and
communication production support.

Unlike mobile robots, here under the working environment to understand the environment of the work
piece or product to be collected. As you know, for the processes of processing billets of parts and assembling
machines requires the accuracy of the movements of the actuator. Standard model also requires high accuracy of
implementation (within 1-2 microns). This is the difference between work on the research of mobile adaptive
robots and works on research in the field of creation of mobile intelligent robot machines. Of course, this level
of autonomy of mobile machines is the highest.

In works [15, 16] the reasons for the need to optimize the management of complex mechanisms of
technological machines are presented, as well as models of processes for controlling equipment with parallel
kinematics, which are effective on the criteria of energy consumption, using their dynamic and static models. It
is shown that in an undesired range of speeds of a working body when implementing such control, we can not
take into account the masses and inertial parameters of elements of such equipment. However, the main
advantages of equipment with parallel kinematics are most pronounced in the conditions of high velocity of
movement of actuators with a given accuracy of the trajectory of moving the instrument and its positioning.

We have developed a method for identifying the position, kinematic and dynamic parameters of
mechanisms with parallel kinematics, of which mobile machines are composed. Excitement of the design of the
experimental machine tool by a low-power acoustic signal with the distribution of signals of the same amplitude
allows us to determine the dependences F (A, t) =x (1), y (1), z (t), where F (A, t) is the excitatory signal x (t), y
(t), z (t) - coordinates of the actual point of the object. These data can be used to control the positioning of the
executive link of the mechanism with parallel kinematics. In this regard, the purpose of the presented study is to
confirm the possibility of a multicomponent analysis of the parameters of objects (processes and equipment). As
an informative source of the diagnostic signal, it is necessary to use its amplitude-frequency characteristic of the
object's own oscillations in the acoustic range.

For research, a fast calculation algorithm for the discrete Fourier transform [11] using the FFT analyzer
was used.

The estimation of the spectral density is carried out in accordance with the known realization of the XR
(t) signal by generating from it a discrete sequence x (n), n — 0,1, ..., N 711 and processing this sequence in
accordance with the given quantization.

Manage executive mechanisms of a technological machine with mechanisms of parallel structure is a
complex problem whose solution can be obtained on the basis of solving the problems of kinematics and
dynamics of executive mechanisms. As a result, conditions can be created for the precise positioning of working
bodies of executive mechanisms at optimal speeds and accelerations of their movements in a given trajectory.
For these purposes, management systems should be equipped with informative object identification systems. To
confirm this, we propose the results of experimental studies that provide the basis for the establishment of
systems for the diagnosis of kinematics and dynamics of the mechanism, on the basis of which the authors
create mobile machines for use in reconfigurable production systems of mechanical processing.

Method of experimental research.

The purpose of the research is to build a neural network reference model for diagnosing the current
characteristics of the object. The choice of diagnosed characteristics of an object is determined by the tasks of
object management:

- an increase of accuracy of positioning of the mechanism of the object;

- ensuring the dynamic adjustment of the executive mechanism;

- optimization of the trajectories of displacements of the working body.

According to the indicators of the experimental base created, the neural network diagnostic models were
constructed by the authors of the work:

- a configuration of the mechanism;
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- geometric parameters of the mechanism when working motor-spindle;

- dynamics of movement of knots of the mechanism of the experimental stand with variable speed and
load on the drive;

- changes in the temperature of the object.

This allowed to solve the following tasks of object management:

- increase the accuracy of the positioning of the object's actuator;

- providing dynamic adjustment of the executive mechanism;

- optimization of trajectories of displacements of the working body.

The adequacy of the models is confirmed by a multiple excesses of the calculated value of Fisher's
criterion over its table value for the given probability of error for models of m inputs — frequency ranges of the
acoustic spectrum constructed on n lines of the tuple of the output data.

To create the intellectual control system, the main components of the reconfigurable production are the
method of acoustic diagnostics for the mechanisms of technological machines (machines - robots), which allow
to diagnose their different conditions in different conditions. It is shown the possibility of using the proposed
approach to the management of complex technological machines, such as machines with mechanisms based on
parallel kinematics to improve the accuracy of the positioning of actuators, ensuring their dynamic adjustment
and optimizing the trajectories of displacements of work equipment bodies (including cutting tools). All this
allows you to expand the range of opportunities to increase the accuracy and performance of their work.

The search for complex trajectories with variable coordinates and derivatives of the first and second order
of the trajectory of the movement allows you to determine and predict the state of the object at any given time.
In this way, conditions are created to control the position of the working body of the mobile machine tool-robot,
taking into account the current working conditions of the machine tool (good and weakly formalized) variables.

On the basis of the presented developments of the authors the concept of reconfigurable multicomponent
production, based on a fundamentally new approach to the layout, in particular, mechanic-assembly shop of
competitive production with the use of mobile intelligent machines with the kinematics of a parallel structure,
has been formed.

Conceptually, this concept implies the presence in the mechanic-assembly shop of units such as:

- a plot of land on the basis of a machine of continuous casting of billets in conjunction with a part rolling
mill;

- a mechanical site, which is a platform for the installation of mobile machines with a system of
intellectual control;

- a section of assembly and disassembly of mobile machines with the kinematics of parallel kinematics,

- assembly area of the main products.

Conclusions and perspectives of further research. To implement the proposed concept, the authors
developed a gamma (dimensional series) of elements of a reconfigurable production system based on mobile
machines with parallel kinematics and intelligent control systems that allow the maintenance of a machine-
repair cluster based on reconstructed productions. At the same time, the proposed concept can be offered as a
market product in the form of a gamut of mobile machines with intelligent control for various industries.
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