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Automation of production processes, which is widely used at foreign enterprises and largely

reduces the labor intensity of products, is of particular relevance. In addition, in some cases,

the installation of more productive equipment leads to a reduction in its quantity and allows

you to partially free up production space. Technical re-equipment should concern, first of all,

those workshops and production areas where cost reduction will be of greatest importance.

The reasons for the need for technical re-equipment of small machining enterprises can be

grouped in the following areas:

— increasing the technological stability of production;

— reduction of production cycles of parts and assembly units, acceleration of the turnover of
investments;

— reduction of terms and cost of preparation of production;

— reduction of labor intensity, reduction of production costs;

— reduction of rejects and costs for the restoration of defective products;

— reducing the cost of upgrading and repairing equipment.

The success of the enterprise, its competitiveness in market conditions, largely depends on

how the issue of managing costs in the process of production and sale of products is resolved.

It is especially important to re-solve this issue in the case of a diversified nature of production.

The research methodology in this work will be the use of the SMED equipment changeover

system to save time in the production of multi-product parts. If the changeover process takes

very little time, it can be carried out as often as required. This, in turn, means that if we

manufacture products in small batches, we can get many advantages: flexibility, fast delivery,

productivity, high quality.

The enterprise can meet the changing needs of customers without the overhead of stockpiling.

Manufacturing in small batches will reduce the time spent preparing the order for shipment, as

well as the time the customer waits for the required product. Accordingly, the likelihood of

damage to products is reduced, since their stor-age time is reduced. The volume of production

rejects is also reduced due to fewer errors during setup and trial runs of equipment.

Keywords: production process, simulation, conveyor system, equipment changeover

problem.

Introduction

Enterprise management is a type of activity that is aimed at regulating the
course of production processes in accordance with a set goal. The goal of the
activities of most enterprises that produce and sell their products to consumers,
maximizing profits and managing costs is one of the ways to achieve it.

The production process is a certain sequence of actions for converting raw
materials into finished products. Manufacturing processes are divided into five main
stages: preparation; treatment; control; transportation; storage.

Preparation includes cleaning, disassembly and assembly. Processing
changes the shape or properties of materials. Control implies comparison with a
standard. Transportation is the movement of products. Accordingly, storage is a
period during which there is no processing, transportation or product control. Each
stage of the production process consists of changeover operations, i. e. operations
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for the preparation or adjustment of equipment, which are performed before and after
the processing of each batch of the product.

Many companies manufacture their products in large batches only because
the length of the changeover process makes it very costly to replace products on the
line. Losses associated with equipment downtime some-times amount to millions of
hryvnias. At the same time, the manufacture of products in large batches also has
several disadvantages: delays; losses associated with product inventories;
deterioration in quality.

Customers have to wait until the enterprise has manufactured the entire batch
of the product (product), although it would be enough to produce a smaller quantity.
Subsequent storage of unsold products generates additional costs, requires the
involvement of other re-sources of the enterprise and increases the likelihood that
these products will have to be sent for processing or even for destruction due to
deterioration. Naturally, all this does not add value to the product (product).

If the changeover process takes very little time, it can be carried out as often
as required. This, in turn, means that if we manufacture products in small batches,
we can get many advantages: flexibility; fast delivery; performance; high quality.

The enterprise can meet the changing needs of customers without the
overhead of stockpiling. Manufacturing in small batches will reduce the time spent
preparing the order for shipment, as well as the time the customer waits for the
required product. Accordingly, the likelihood of damage to products is reduced, since
their storage time is reduced. The volume of production rejects is also reduced due to
fewer errors during setup and trial runs of equipment.

1. Analysis of recent research and publications

Regardless of the type of equipment used, all traditional changeover
procedures consist of four stages [1]:

1- Preparation, adjustment, inspection of materials and tools;

2 — Assembly and disassembly of removable elements;

3 — Measurements, setup and calibration;

4 — Trial runs and calibration.

The main reason traditional changeovers are time-consuming is that internal
and external setups are inter-mixed. Many tasks that can be performed while the
equipment is running are performed only after it has been stopped [2].

At the same time, the SMED system is designed to simplify and reduce
changeover steps. For example, it allows you to reduce the operation time at the third
stage of a traditional changeover, offering to perform all or most of the preparatory
operations with the equipment running, as well as to ensure the manufacture of
guality products immediately after start-up without trial runs and adjustments, in other
words, to completely abandon the fourth stage of the traditional changeover [3].

In the production system, there is a "classical" problem of equipment
readjustment, which was inappropriate to solve by mathematical programming
methods [1] due to the need to take into account the dynamic properties of the real
production process and the "secondary" factors affecting it.

The search for "successful" algorithms for change-over of automatic stations
for different sequences of product batches is easiest to carry out by drawing up
appropriate rules of thumb, the effectiveness of which can be verified by direct
simulation [4, 5].
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2. Purpose of the study

The work carried out a study of logistics processes in the production of
technically complex products, which is based on the introduction of logistics concepts
in the automation of multi-product production.

3. Experimental part

The object of modeling is a production line where control and testing of
gearboxes (hereinafter referred to as products) for high-power diesel engines is
carried out. The basis of the line configuration is a closed conveyor system, with the
help of which the transportation of products installed on special carriers is carried out.
In the form of an equivalent closed-loop queuing system, the line is shown in fig. one.

The processing of the product begins with its installation on the carrier at
workstation 1, then it moves through another 10 workstations, at the last of which the
product is removed from the carrier, which is the end of its processing cycle. The
carrier does not leave the conveyor system, and after unloading at station 11, it again
enters station 1, where a new product is installed on it. At stations 1-4 and 7-11,
operations are performed by workers, and at stations 5.1-5.8 and 6.1-6.7 operating in
parallel, where the main operations for testing products are carried out, the operating
mode is fully automatic.

The main difficulty in organizing the work of this production line is due to the
fact that batches of products of various types are supplied to its input. This fact
directly affects the real productivity of automatic stations 5.1-5.8 and 6.1-6.7, since it
becomes necessary to change them, associated with a change in the type of
processed products. With an increase in the frequency of changeover operations, the
possible useful time of the stations is reduced and, as a result, their real productivity
(throughput).

The problem posed on the readjustment of automatic stations 5.1-5.8 and 6.1-
6.7 has the following formulation: if a new batch of products arrives at the input of the
system, then at what points in time and for which stations should their changeover be
started?
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Fig. 1. Representation of the production line in the form
of a closed queuing system
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The solution to this problem should be subordinated to the desire to achieve
the maximum throughput of the system as a whole. The search for "successful’
algorithms for changeover of automatic stations for different sequences of batches of
products is easiest to carry out by drawing up appropriate rules of thumb, the
effectiveness of which can be verified by direct simulation.

It is assumed that products of four types A, B, C and D can enter the
production line in batches of 1 — 200 units. Specific sequences corresponding to the
structure of the production program are coded as arbitrarily long strings of the form
"10A20B10A30C10A20D ... etc." If a sequence containing, for example, only 50
articles of type A and B is repeated, then it can be written in the form "50A50B".
Some products, after the completion of the relevant inspection or testing operation,
are declared defective. After receiving this status, the product is not sent to the
automatic stations, but using the available transport routes is directed directly to the
unloading station 11. The probability of detecting a reject at each workstation is set
as part of the initial model data.

The production line simulation model was developed using the Anylogic
simulation package. The model displays all the properties and parameters of the real
line, which were described above. The presetting of changeover algorithms consists
in creating so-called "masks", with the help of which it is indicated which automatic
stations are intended to process products of types A, B, C and D. As a result, each
station can be configured to process one, two, three or all four types of products. The
set of data entered in the "masks" determines the so-called station availability rules.
The second group of rules are the rules for choosing stations, which are implemented
at the moments when at the point X or Y (Fig. 1) for the next product a station must
be determined to which it will be directed. The set of rules for the availability and
selection of stations is called a changeover strategy. The term "option 1" will refer
hereinafter to the use of rules in which the station with the maximum number of
occupied seats is selected, and the term "option 2" - with the minimum number of
occupied seats.

Results and discussion

The main indicator of the efficiency of a production line is its productivity
(throughput), measured as the average number of products per hour removed from
media at station 11. This indicator is displayed in all the diagrams below illustrating
the results of simulation experiments. Although option 2 performs better in almost all
experiments than the results obtained using option 1, the latter are also shown in the
diagrams in order to further confirm the robustness of the model and the reliability of
the results.

Experiment 1: Varying the number of carriers in the system. For this
experiment, a repetitive sequence of batches of 2A2B products was chosen, in which
there was no need to change the machine tools at all. The model was run with the
number of carriers constantly circulating in the system, which varied in the range of
50 ... 140. The results (Fig. 2) point to the disadvantage of option 1, in which an
acceptable level of performance is achieved only with 85 media, since this option
tends to form the longest possible queues, as a result of which a large number of
media “freeze” in the input buffers of automatic stations. With the number of carriers
in the range of 85 ... 115, the system demonstrates a stable mode of operation with
the maximum possible productivity (in the case of option 2) equal to 77.6 items per
hour.
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Experiment 1
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Fig. 2. Results of experiment 1

Experiment 2: Varying the size of batches of products. Only two types of
products (A and B) enter the system in the form of batches of the same size, and this
size varies in the range from 200 to 1. In fig. 3 shows the simulation results obtained
using standard options 1 and 2, when all automatic stations were available for
processing both types of products and changeovers began each time a new type of
product appeared at the test position. It can be seen that at batch sizes < 30, the
effectiveness of these strategies drops sharply, since more than 25 % of the station
operation time is spent on changeovers. With large batch sizes, experimental
attempts to "free" some stations from readjustment have always led to a decrease in
line productivity. For batch sizes = 30 in Fig. 3 shows the performance values that
cannot be improved by changing the changeover strategy.
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Fig. 3. Results of experiment 2

Experiment 3: Finding Optimal Changeover Strategies. For sequences of
equal-sized batches such as "20A20B", "10A10B", etc. In this way, it was possible to
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find a simple scheme for assigning the type of products to specific stations, which,
together with option 2, which means the choice of input buffers with a minimum
number of occupied places, was called the "optimal strategy” and which ensured the
maximum possible line performance with almost complete rejection of changeover

(fig. 4):
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Fig. 4. Results of experiment 3

Experiment 4: limiting the number of service workers. All previous experiments
were carried out on the condition that the number of setup workers was unlimited. In
fig. 5 shows the effect of reduced system productivity for both standard cases when
the number of available field technicians is reduced to two. For small lot sizes, where
the number of changeovers can be relatively large, this reduction can be > 50%.
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Fig. 5. Results of experiment 4
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Conclusions

The success of the enterprise, its competitiveness in market conditions, largely
depends on how the issue of managing costs in the process of production and sale of
products is resolved. It is especially important to resolve this issue in the case of a
diversified nature of production. The proposed reduction of losses due to a quick
changeover of equipment allows to reduce the size of the optimal batch, as a result,
to quickly manage stocks and, as a result, reduce the lead time. In addition, the
smaller the batch, the easier it is to identify quality and quantity deviations. Thus,
logistics is becoming a factor in the formation of key competencies and a source of
the main competitive advantages of enterprises.
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JocaiisKeHHs JTOTICTUYHUX MPOLECiB NPU BUPOOHUNTBI
TeXHIYHO-CKJIAAHOI MPOXYKIil

OcobnunBy akTyanbHICTb B [JaHUMM 4ac Mae aBTomaTu3auia BUPOOHUYMX
NnpoLeciB, SIka LMPOKO 3aCTOCOBYETbCA Ha Cy4YaCHUX NigNPUEMCTBAX | 3HAYHOK
MIpOI0 [O3BOMSAE 3HMXYBATU TPYLAOMICTKICTb nNpoAaykuii. Kpim Toro, y psgi Bunagkis
BCTAHOBMEHHS 6inbl NpoaykTMBHOrO obrnagHaHHA Bede A0 CKOPOYEHHS WMOro
KiMbKOCTI Ta [OO03BOSIIE 4YaCTKOBO BUBINbHUTM  BUMPOOHMYI  nnowi. TexHivyHe
nepeo3bpOeEHHSA Mae CTOCyBaTUCA Hacamnepen TUX LexiB Ta QinsgHOK BUpOOHULTBA,
Ae 3HWKEHHs BuTpaT MaTume Haunbinbwe 3HaveHHs. [1puyYnHKM HeobXigHOCTI
TEXHIYHOro Nepeo3BbpPOEHHA Manux NigNPMEMCTB MeXaHOO6poBHOro NPodinto MoxHa
3rpynyBaT HaCTYNHUM HanpAMKaMm:

—  NigBULEHHSA TEXHOSONYHOI CTINKOCTI BUPOBHNUTBA;
— CKOPOYEHHS1 UMKNIB BUIOTOBMIEHHA AeTanen Ta cknaganbHuUX OAUHULb,

NPUCKOPEHHS 0BOPOTHOCTI BKNageHUX KOLUTIB;

— CKOPOYEHHS1 TEPMIHIB Ta BapTOCTi NiAroTOBKN BUPOOHULTBA;

— CKOPOYEHHS TPYAOMICTKOCTI, 3HMXXEHHSI COBIBApTOCTI NPOayKLUiT;

— CKOPOYEHHs Wwnoby Ta BUTpAT Ha BiAHOBNEHHS AeeKTHOI NpoayKLil;
— CKOPOYEHHS1 BUTPAT Ha MoAepHi3auito Ta peMOoHT obnagHaHHs.

Ycnix AignbHOCTI nignpuemcTea, MOro KOHKYPEHTOCMPOMOXHICTb Y PUHKOBUX
yMOBaX, 3Ha4YHOK MIpOK 3anexuTb Bif TOro, K BUPIWYETLCHA NMUTaAHHS YrpaBniHHA
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BUTpaTamMu, WO MakwTb Micue y npoueci BMpoOHMUTBaA Ta peanisauil npoaykuii.
Ocob6nnBO BaXNMBUM € BUPILLEHHSA LbOro MUTaHHA y pasi 6araTOHOMEHKNaTypHOro
XapakTtepy BMpobHULTBA.

MeToamko aocnigkeHHa y uii poboTti Oyae 3acToCcyBaHHA CUCTEMM
nepeHanarogkeHHs yctatkysaHHss SMED 3aansa ekoHomil 4acy nig Yac BupobHuuTBa
BGaraToHOMEeHKNaTypHUX geTanemn.

AKuo npouec nepeHanarofKeHHs 3anMMae ayXe Masno 4acy, Moro MoXHa
NPOBOAMTM TaK 4acTo, SK Lie NOoTpibHOo. Lle B CBOK 4Yepry o3Havae, WO SKWO MU
BUPOBNATMMEMO MPOAYKLUID ManMMu napTisMu, TO 3MOXeMO oTpumaTtu 6arato
nepesar: rHyykicTb, LUBNAKE NOCTavYaHHS, NPOAYKTUBHICTb, BUCOKY SAKICTb.

MignpMemMcTBO MOXe 3a40BOSIbHUTU MIHNMBI NOTpebu 3amoBHUKIB 6€3 BUTpaT
3a 30epiraHHA 3anaciB npoaykuii. BupobHMUTBO Manumu napTisMuv  O03BONUTb
CKOPOTUTW Yac, WO BUTPAYaETbCHA Ha NiArOoTOBKY 3aMOBMEHHS OO0 BiANpaBrieHHs, a
TaKOX OYiKyBaHHS 3aMOBHMKOM HeobXxigHoI npoaykuii. BignosigHO, 3HMXYETbCA
MMOBIPHICTb NCyBaHHA BUPODIB, OCKINIbKM CKOPOYYETbCA 4ac iX 36epiraHHS.
3MeHLYyeTbCA | 0bcar BUpobHMYoro 6paky yepes MeHLUY KinbKiCTb MOMUIOK Mig 4ac
HanaromXeHHs Ta NPobHMX NyckiB obnagHaHHS.

KrnouoBi cnoBa: BUpoOHMYMI Npouec, iMiTauinHe MogentoBaHHS, KOHBEEPHa
cucTema, 3aBAaHHs NPo nepeHanarokKeHHs obnagHaHHsS.
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