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Batch production is typical for engineering enterprises connected with aeronautical engineering
manufacturing. One of its main problems is the need to periodically change the production
pattern which arises as a result of the instability of the products range, changes in wvolume of
series, moral and physical wear of technological equipment. Such a change is carried out in the
course of reconstruction and technical re-equipment in order to improve the efficiency of material
flows.

The main characteristics of material flows are determined by a spatial component of a flexible
manufacturing system pattern, set by the machine tools laying according to the organization of
batch process. The bulk of the cost of final product manufacturing is associated with the
arrangement of material flows. In order to reduce the total costs it is necessary to improve the
pattern of production by establishing a technology-oriented machine tools laying. In this case,
there is a need to dewelop scientific and methodological basis of restructuring the manufacturing
process.

One of the most effective approaches to the design of machine building plants with a batch type
of manufacturing is the use of program-target method based on the methodology of choosing
the best technological solutions.

Modern methodology of batch technologies design is based on the system approach to the
analysis and synthesis of the basic structure of the manufacturing processes, which allows to
apply mathematical simulation.

The orientation of each of the sites on the end result leads to a substantial reduction of
manufacturing costs, which significantly simplifies solving problems of division and coordination
of labor on the principles of self-organization and self-regulation.

The proposed mathematical model of manufacturing costs optimization is designed in
accordance with all the aforementioned principles. The problem being solved is multiobjective.
That is why the mathematical model has seweral goal functions them requiring finding peak
values and some of them requiring finding the bottom values.

The model can be applied in organizing the aeronautical engineering manufacturing, which
requires effective remounting during the change of product range thus ensuring the required
flexibility of manufacturing.

Keywords: production process, mass production, material flow, flexible manufacturing system,
tentative placement, planning concept.

Introduction

Batch production is typical for engineering enterprises connected with
aeronautical engineering manufacturing. The characteristic feature of aeronautical
engineering manufacturing is the need to periodically change the production pattern
due to the instability of products range, changes involume of series, moral and physical
wear of technological equipment.

Such a change is usually carried out in the course of reconstruction and
technical re-equipment in order to raise the flexibility of production systems by
optimizing material flows.

These changes in the organization of production level up the demands for
flexibility both of production itself and of manufacturing sites. In this regard designing
the sites is a quite independent task of an utmost importance. It should be considered
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that each site has specific characteristics, peculiar for it only. Hereby the success of
solving production tasks considerably depends on the ability to minimize losses,
organize a new production department, and optimize traffic flows.

1. Analysis of recent research and publications

As shown in the work [1], main characteristics of material flows are determined
by spatial component of the flexible production system pattern, set by machine tools
arrangement according to the group technological process. The bulk of the cost of final
product manufacturing is associated with the arrangement of material flows. In order
to reduce manufacturing costs it is necessary to improve the production pattern by
applying technologically oriented equipment arrangement [2]. In this case, there arises
a need to develop scientific and methodological basis of restructuring the production
process.

One of the most effective approaches to the design of machine building plants
with a batch type of production is the use of program-target method [3] based on the
methodology of choosing the best technological solutions. There exist three principles
of manufacturing sites and departments forming, which determine form of organization
of production:

— linear. It is characterized by strictly determined sequence of performing
technological process operations in every moment of time. This principle is most
often implemented in the form of automatic transfer lines;

— subject. It is applied when there are significant product ranges, units with
duplicate parts with raised demands regarding reliability, quality and operability;

— technological. It is characterized by performing homogenous operations of
technological process with application of modular machines.

This is why when designing a new manufacturing site as well as when carrying
out technical retooling and reconstruction of existing sites one of the main stages is
creation of an optimal structure, which involves scientifically determined selection of its
sites components

Modern methodology of batch technologies design is based on the system
approach to the analysis and synthesis of the basic structure of the production
processes, which allows to apply mathematical simulation.

2. Purpose of the study

The aim of the present work is to search the ways to reduce manufacturing costs
when producing aeronautical engineering by optimizing material flows based on the
developed mathematical models.

3. Experimental part

Mathematical simulation of the production process entails the need to solve a
big amount of logistic problems, including optimization of the machinery composition
for each of the manufacturing sites, optimization of details production start-up,
calculating the production lead time during machining the batch of details, optimizing
batch size, organization of just-in-time flow of cargo.

When using the system approach to analyse production systems and their
components, the following subsystems can be distinguished: functional, organizational
and element. They cannot be separated, since they represent three sides of a unified
whole: relationship, unity and interaction.

87



Bigkputi iHgopMaLiiHi  Ta KOMN'tOTEPHI iHTerpoBaHi TexHonorii, Ne 99, 2023

The functional aspect of the flexible production system (workshop) and its
subsystems (manufacturing sites) is determined by their technological purpose.

The element aspect is defined by the equipment in these sites.

The organizational aspect of the system establishes system pattern and
objectives for each of its components and provides their achievement in accordance
with the functional purpose.

When applying the traditional approach for determining the pattern and
workshop and manufacturing sites management type, special emphasis is placed on
breaking down the total volume of works into individual production operations on
different parts and joints. The operations mentioned, especially under batch production
conditions, are concentrated in the corresponding manufacturing sites formed on the
functional principle. In this case the recommendations for the structure are made
primarily on the basis of the production process bulk analysis and do not interfere with
the interaction of operations. The structural scheme of the production process and the
relations entailed is shown in Fig. 1.

Land treatment

I, II, Il —manufacturing sites
a, b, ¢ -a group of machines of the same technological purpose
Fig. 1. Schematic structure of the production process, under the traditional approach

The diagram shows three manufacturing sites, each formed out of the machines
of the same technological purpose. The machine tools mentioned can belong to the
same technological group, but to different size groups. Such structure entails
numerous direct and inverse external relations between sites intended for production
the set D of parts.

Interrelationship, unity and efficiency of work of different manufacturing sites
(subsystems) as well as of manufacturing workshop(system) as a whole are most
crucial under the system approach. The choice of the manufacturing pattern as an
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integrated objet with qualitatively new characteristics is made in accordance with the
results of the analysis and synthesis of its components.

Therefore, under the system approach the structure of production process is
based on the use of detailed or subject specialization of the manufacturing sites and
workshops. Fig. 2 shows the structural scheme of the production process under the
system approach.
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I, II, I manufacturing sites
a, b, c -a group of machines of the same technological purpose
Fig. 2. Structural scheme of the production process under the system approach

In this case, the site consists of three sections, built on the principle of detailed
specialization, external vertical and internal horizontal relations being crossed. Here,
the ultimate goals of the production system (site) are composed of the private goals of
separate divisions (manufacturing sites), producing the finished parts subsets {D1, D2,
D3} D.

The orientation of each of the sites on the end result leads to a substantial
reduction of manufacturing costs, which significantly simplifies solving problems of
division and coordination of lab or on the principles of self-organization and self-
regulation.

Three basic structure-forming principles are realized when applying
manufacturing management method based on the system approach:

— specialization of manufacturing workshops and their sites according to our
goals entailing spatial concentration of production of homogeneous parts
or assembly units;

— standardization of technological processes of homogeneous parts or
assembly units manufacturing entailing a certain specialization and
completeness of equipment and tools required;
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— centralization of target program distribution among workshops and sites
by operation administration for manufacturing of parts, necessary to
reduce the manufacturing cycle and costs.

Selection of the way of manufacturing sites organization forming is carried out
on the principle of cooperation. The index of cooperation is determined according to
the formula:

X=Yk,/N, (1)

where ki— is the number of material connections which connect the i equipment with
the rest of the equipment;
N —is the quantity of technological equipment in the organization department.
The areas of implementation of different ways of manufacturing sites
organization forming are shown in the Fig. 3. Lines, limiting each area are built based
on the relations presented in [3, 4].
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Fig. 3: Areas of implementation of different ways of manufacturing sites organization
forming

The proposed mathematical model of manufacturing costs optimization is
designed in accordance with all the aforementioned principles. The problem being
solved is multi-objective, thus the mathematical model has several target functions.

Let’'s consider two goal functions

n
(Sl = Z kjx; - max,
n @)

with the following constraints

n
m
: : i=1
j=1

The problem is solved separately for each value, and the criteria S1max (machine
work load) uS2min (cargo flow capacity) are determined. Then the constraints are
formulated as following
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and the new goal function (manufacturing costs) is written as:
W = x,,, = min. 5)

The model can be applied in organizing the aeronautical engineering
production, which requires effective remounting during the change of product range
thus ensuring the required flexibility of production.

Away of selection of manufacturing sites forming is provided as an example.
The maininitial data are technological processes of details (articles) production shown
in the Table 1.

Table 1
Manufacturing routes of details processing

. Manufacturing route
Article (code) (machinegNg) Traffic, t
A 3-6-1-4-5 4
b 4-2-6-5 2
B 2-5-4 6
r 1-3-2 3

Manufacturing routes of A, B, C, D details (articles) manufacturing are viewed
consequently in order to determine material connections with each machine. This
overview allows to determine that the Ne 1 machine has the following connections: in
the manufacturing route of the A detail production — with the Ne 4 n Ne 6 machines, in
the manufacturing route of the D detail production — with the Ne 3 machine. The
connections determined this way are tabulated to the table 2. Duplicated connections
are considered once.

Table 2
Results of calculations for selecting the manufacturing site forming principle
according to the index of cooperation

Machine Ne Material connec.tion Number of NL_meer of

with other machines | connections -  k; | machines — N, p.

1 6,4,3 3 1

2 4,6,5,3 4 1

3 6,1,2 3 1

4 1,5,2 3 1

5 4,6, 2 3 1

6 3,1,2,5 4 1
Total 20 6
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After having calculated the number of connections for each machine and
summing them up for all the equipment items, we determine the index of cooperation
according to the formula (1):

X =20/6 = 3,33. According to the Fig. 3 according to the value of X and the
number of machines N we determine the manufacturing site forming principle (in the
example considered itis the subject principle).

For the achieved principle of manufacturing site structure we build the graph of
material bonds between the material equipment (Fig. 4). Graph ribs reflect the value
of traffic between the separate items of equipment. The construction of the matrix is
considered when manufacturing site enter and exit coincide. In this case the number
of interplant transport dead runs is reduced.

Fig. 4: Graph of material connections between technological equipment

Concentration of the machine groups processing similar list of details, carried
out by optimizing the options of machines location according to the criteria of the traffic
power minimum (S2min). on the given stage the technique is applied — all the machines
are nominally placed in one line. Total traffic power is calculated as the sum of products
of raw stocks (m) on their relocations according to the following scheme. The raw stock
is transferred to the first machine given it this sequence, involved in any operation of
the technological process of the given detail production and follows through all the
machines up to the last similar one. Geometrical sizes of the manufacturing equipment
are not considered hereby and it is supposed that that the distance between the
neighboring equipment items equals to the unit length. Thus optimization of the linear
machine sequence leads to approximation of those of them on which the
technologically similar details are manufactured. Moreover, machine groups form in
the linear sequence, which are intended to manufacture the details of the defined
assortment.

In order to solve the given problem Ant algorithms were selected, which are
based on using the manifold of potential solutions and developed to solve the
combinational organization problems, first and foremost of searching different ways on
graphs. Algorithm operation time is in direct ratio to the number of equipment items.
During its operation the following is carried out for each detail: the first and the last
machine tool, involved in raw stock processing are determined, the last machine tool
switched with the machine tools located between the end machines, but not the ones
processing the given raw stock, the target function for achieved options is calculated,
the options are compared with each other and with the initial linear sequence, the best
option is selected and accepted as the initial for the following iteration.
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The result of Ant algorithm solution is an optimal linear sequence of the machine
tools arrangement and the traffic power corresponding to it.

Results and discussion

The form of the assembly-line production, type and functional capabilities of the
transportation system, technological peculiarities of product manufacturing, also define
the organizational structure of the warehouse system.

A prerequisite for creating a warehouse is the need to transform the parameters
of inbound and outbound cargo flows. If the cargo flow in terms of assortment and
intensity remains unchanged, then a warehouse is not necessary.

We propose synchronizing the production cycle to eliminate the need for
warehousing. As a result, we will have minimal overhead costs and complete
synchronization of the product manufacturing cycle.

Conclusions

The Ant algorithm body of mathematics is capable of satisfying all the demands,
set by the modern manufacturing, since it represents the behavior of actual ants,
whose ability to adapt to any conditions has been sharpened by the nature for
centuries. Due to their simplicity, scalability and vibrancy Ant algorithms are
reasonable to be implicated to solve the problems of forming technologically oriented
structures of the serial manufacturing departments and optimizing the options of
planning concepts.

Development of production processes optimization methods, conducted in our
department of Theoretical Mechanics, Engineering and Robotic Systems at the
National Aerospace University “Kharkiv Aviation Institute” is carried out to design
flexible manufacturing systems for aeronautical industry.
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HaykoBo-MeTOAMYHI 3acaau pecTPYKTypH3alil
BHPOOHHUYOTI0 MpoIecy

CepiiHe BMPOOHMUTBO € TWUNOBUM AnA  iHKEHEPHUX NigNPUEMCTB, LUO
3anMatoTbCa BMPOOHULITBOM aBiauivHOI TexHikKM. OgHIe0 3 NOro OCHOBHMX Npobrem €
HeOoOXiAHICTb MepioanyHO 3MIHIOBATKM CXeMy BMPOOHMUTBA, WO BWHVKAE BHACMiAOK
HeCcTabiNbHOCTI acopTUMEHTY npoaykuil, 3MiH ob6cariB cepii, MopasrnbHOro Ta
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di3N4YHOro 3HOCY TEXHOSOMYHOro obnagHaHHsa. Taka 3MmiHa NpoBOAUTLCA B XO4i
PEKOHCTPYKLUIT Ta TEXHIYHOro MnepeocCHaLleHHs 3 MEeTOH MOKPaLLeHHS eeKTUBHOCTI
MaTepianbHNX MOTOKIB.

OCHOBHI XapaKTepuUCTMKN MaTepianbHMX MOTOKIB BM3HAYalOTbLCS MPOCTOPOBOHD
CKIMaJOBOK CXEMWU THYYKMX BUPOOHMYMX CUCTEM, BCTAHOBSIEHOK 3a [J0MOMOroH
PO3MILLEHHS BepcTaTiB 3rigHO 3 opraHisauieto cepinHoro npouecy. binbuwicts Butpar
Ha BUrOTOBJIEHHST KiHLLEBOI MPOAYKLiT NOB'A3aHa 3 opraHisauieto MmaTepianbHMX MOTOKIB.
Ana 3MeHWeHHs 3ararnbHuMX BuTpaT HeobXxigHO mMoKpawmTn cxemy BUpoOHMUTBA,
BCTAHOBMBLLM TEXHOSOMNYHO OPiEHTOBAHE PO3MIlLEHHS BepcTaTiB. Y LbOMYy BUNAOKY €
HeOOXiAHICTb  pO3pobKM  HAyKOBO-METOAOSIONYHMX  3acaj  pecTpykTypusauil
BUPOBHMYOro npouecy.

OgHvm 3 HanedeKTVBHILLMX MiAXOAIB A0 MPOEKTYBAaHHA MalLMHOBYAiBHMX
3aBOfiB 3 CEPiHUM TUMOM BUMPOOHMLTBA € BUKOPWUCTAHHA MPOrpamMHo-LiflbOBOro
MEeTOAYy Ha OCHOBi MeTo4osorii BUOOPY HaMKpaLmX TEXHOSOTMYHMUX pPilleHb.

CyyacHa MeTooororid NPOEKTYBaHHS CEPIVHMX TexHomnorin ©6asyeTbca Ha
CUCTEMHOMY MigXOAi OO aHanidy Ta CUMHTe3y OCHOBHOI CTPYKTYpU BUPOBHUYMNX
npouecis, WO 0O3BOSFE 3aCTOCOBYBATM MaTteMaTuiHe MOAESIOBAHHS.

OpieHTauia KOXXHOro 3i cnopya Ha KiHUEeBWA pe3ynbTaT Npu3BOAUTL A0 3HAYHOrO
3MEHLLEHHA BUTpaAT Ha BUPOOHULUTBO, L0 3HAYHO CMNPOLYE BUPIiLLEeHHA npobrem
po3aifly Ta KoopAuHauil npaudi Ha npuvHUMNax camoopraHisauil Ta camoperynsauil.
3anponoHoBaHa MaTeMaTudHa Moferb OonTuMmi3auil BuTpaT Ha BUMPOBHULTBO
po3pobreHa BignoBigHO OO0 BCiX 3a3HaYeHMX npuHUMniB. BupiwyBaHa npobrnema mae
GaraTouinboBUM Xxapaktep. ToMy mMatematuyHa MoAernb Mae Aekinbka LinboBux
dyHKUiR, AKi NOTPeOYOTb 3HAXOMKEHHS MaKCUMasibHUX 3Ha4veHb, i AesKi 3 HuX
noTpebyoTb 3HAXOMKEHHA MiHiManbHUX 3HAYEHD.

Mopenb moxe OGyTn 3acTocoBaHa Mpwu opraHisauii BUpOOHMUTBa asiauinHO|
TEXHIKKW, sKe noTpebye eeKTMBHOro nepeoCHaLLeHHs Mig Yac 3MiHM aCcOpPTUMEHTY
npoaykuii, 3abesnevyroun HeobXigHy rHYYKICTb BUPOOHMUTBA.

KnroyoBi cnoBa: BMpOGHMIMIA npouec, cepivHe BMPOOHUUTBO, MaTepianbHUN
MOTOK, FHy4Ka BMPOOHMYa CMCTEMA, OPIEHTOBHE PO3MILLEHHSI, KOHLEMLUIA NiiaHyBaHHS.
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