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MODELLING AND SIMULATION
OF MANUFACTURING PROCESSES IN MANAGING
AND PLANNING OF MACHINES’ SETUP

Milan Gregor, J6zef Matuszek, Dariusz Plinta

Summary

In the paper, there is presented the practical application of the modelling and simulation in
managing and planning of machines’ setup. There are described principles and stages of the
production system improvement with the theory of constraints (TOC) and illustrated by the example
of analysis of the whole production line, which aim was the bottleneck determining, and the analysis
of operations, which are realized in the bottleneck. Main attention in this analyse was focused on the
problem of the production setup. Exchange of tools and reconversion of production devices on the
production of other product are non value added activities. It means activities, which we should limit.
There is presented, that with use of simulation it is possible to check different variants of possible
ways of machines’ setup and to choose the best process run for realization.
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Modelowanie i symulacja proceséw wytwarzania w zarzadzaniu i planowaniu przezbrojen

Streszczenie

W artykule przedstawiono praktyczne zastosowanie modelowania i symulacji w zarzadzaniu
i planowaniu przezbrojen maszyn. Opisano zasady oraz etapy doskonalenia systemu produkcyjnego
zgodne z teorig ograniczen. Zilustrowano je praktycznym przyktadem analizy linii produkcyjnej, ktérej
celem byto ustalenie jej waskiego gardta oraz szczegdtowa analiza czynnosci wykonywanych na
zidentyfikowanym ograniczajgcym stanowisku — waskim gardle procesu. Gtéwna uwage zwrécono na
problem przezbrojen linii produkcyjnych. Wymiana narzedzi i przestawienie urzadzen na produkcje
innego wyrobu jest dziataniem niedodajacym wartosci, a wiec takim, ktére nalezy ogranicza¢. Za
pomoca symulacji mozna sprawdzi¢ rézne warianty sposobdéw przezbrojen i wybra¢ do realizacji
najlepszy.

Stowa kluczowe: procesy wytwarzania, planowanie przezbrojen, modelowanie i symulacja

1. Company’s competitiveness on the market

Traditionally, an increase of productivity and caatifiveness of companies
on the market was usually connected to factors kikeong others: improved
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technological conditions and management processter quality of products
and employment, innovativeness, readiness to fiexilganizational changes or
development of human resources. Formation of thiggdors has been
undertaken and the issue was considered mainly tl@mpoint of view of
technical preparation of manufacturing in the puaiitun systems.

In highly industrialised countries, e.g. in Jap&egtories, activities aimed
at improving productivity have recently taken iraocount the social aspect
of performed works, and a notion of social workigéincy appeared in the
factories. The factors of productivity improvemenere expanded, macro-
economic conditionings of employment, collectiveciab policy solutions,
creating new workplaces, organisation and the lefebducational system,
recruitment policy, and others. The modern conadpproductivity considers
humans, not capital, the most important. Two corggamay have the same
capital, but one of them is competitive on the mariand the other is
characterized by falling production and lack of elepment. The situation
depends on human resources quality, which, in tigrrelated to work and
company management [1, 2].

Experience of the production processes realisethtolast ten years have
shown that a very important factor of enterprisefifbility (understood as
cumulated value of profit) is the time factor, tethto the term of launching
a product, production cycle length and productieriqul.

2. Historical sources of productivity increase

The main source of increasing productivity aftee econd World War
were automation processes — first hard and theribfeie Despite investing
a great deal of financial means in developing sgstend achieving initially
positive effects, the expected effects of increaserk efficiency, in relation to
the cost of work and exploitation of workplaces ao¢ satisfactory.

In next decades technological development madeeittmically advanced
enterprises direct on cheaper Japanese socio-tethmethods of solving
efficiency problems, e.g. according to the ideéeah manufacturing. At the end
of 20th century it turned out that the potentialtieése methods is diminishing
and using them further may only bring partial effitcy increments in particular
phases of the production process. This caused tahkdey action aimed at
delocalising production, relocating manufacturinggesses to countries with
cheaper workforce. Examples of applied methods o&nufacturing
delocalisation were presented in Fig. 1 [3, 4].
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Fig. 1. Relocating manufacturing processes

3. Digital enterprises, digitalisation and integraton
of production activities

In the area of research and development in autemoélectrotechnical,
aviation and cosmic industries completely new apghes to designing and
testing products and production processes haveasghe The approach is
characterised by using fast prototyping methodstaldisation of processes to be
realised in the future, and simulating their vittpeocess [5].

New technologies are an indirect element betweerCilix systems used so
far and the ERP class software (Fig. 2). Integnatid these systems emerged
new possibilities for the processes of productigsteams design and shaping.
New terms appeared as well, like the notion ofigital factory” (DF), or digital
factory management.

Areas for application

of new technologies

Fig. 2. The area of interest of the software relatethe notion of ‘digital factory’

Virtual reality penetrates to all areas of entesriactivity. It finds
application in designing workplaces, processesdymton systems, work
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positions, planning systems, production managemetd, the concept of
a digital enterprise is based on three elements &Fi[6]:

 product digitalisation with aspects of static ayhamic features of its
properties,

« digital planning of a workplace and the productsystem,

« digital modelling and simulation of a virtual cgerof production, with
possibility of using the obtained data to buildnegl production systems.

Fig. 3. An example of modelling work on a positairassembly

The main methods using the technology of a didaatory are computer
simulations, which are supported by experts. Theeldpment of applying
different simulation methods is illustrated in Fig. Research in this area of
production engineering is carried out in Productimmgineering Departments at
the University in Zilina (Slovakia) and the Univitysof Bielsko-Biata.

Simulation systems, such as for example ARENA, roffecomprehensive
set of advanced solutions designed to analyse thAeufacturing processes
realized in production enterprises. The range eéu®mver the whole production
process, from designing and production preparatm@mufacturing and planning
of machines’ setup, to assembly and sale of finadlycts (Fig. 5) [7-10].
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Fig. 4. Development of simulation methods [7]
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Fig. 5. 2D (a) and 3D (b) simulation model [8]
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4. Example of the production line improvement

4.1. Characterization of the analysed production sstem

A production process is the chain of activities,ickihare realized on
mutually related resources and often only severalkplaces (units) in this
system have influence on the achieved result (cang). Understanding of
these dependence makes possible to find solutien & very complicated
problems of production management.

The improvement of the production system shoulddatized in a cyclic
way in 5 following stages:

1 — identifying of the constraint (bottleneck) bétsystem,

2 — maximum exploitation of the present possileifitof the bottleneck,

3 — subordination of all to the maximum utilizatiqexploitation) of the
bottleneck,

4 — elevation of the bottleneck possibility (thrbpgt),

5 — return to the stage 1.

The main goal of the conducted analysis was toe@s® volume of
production in the crankshafts’ machining line. Bmalyzed line works in 3-shift
system and 6 days per week, what excludes posisdibf increasing efficiency
by introduction of additional shift or extra hours.

Main attention in this analyze was given on theugeprocess in the
machining centre, which proved to be the bottlensficthe analyzed line. With
use of simulation it is possible to check differ@atiants of possible ways of
machines’ setup and to choose the best for reilizat variant with the highest
volume of production.

Now this workplace is modernized. It will allow szhieve shorter breaks
for setup and shorter process time of realizedatjmers, average about 5% for
every part. This activity is a typical example e#lization of the fourth step in
TOC (elevation of the bottleneck possibility).

4.2. Constraint identifying

After modelling of work in the crankshaft machinitige (Fig. 6) and
simulation of weekly production in reports from silation, there were
information about duty of workplaces, about sizeqoéues before workplaces
and achieved volume of production. It made possilidatifying of the bottle-
neck.

The bottleneck of the analysed production systethdésmachining centre
for operation number 140 characterized by the Ergkity and the largest
number of waiting pieces in the queue. This openaltias the longest operation
time and the longest setup times.
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Fig. 6. Simulation model of the crankshaft machgnine

4.3. Maximum exploitation of the present possibilies
of turning machines

To enlarge the efficiency of machining centre thevere proposed
organizational changes. The creation of conditimnsontinuous production in
this workplace was the effect of these changethdrbottleneck always will be
worked the least one operator. The machining cemtile be supported
additionally by the operator from neighbouring wadces.

Above mentioned changes were introduced into tredrgk simulation
model. From the conducted simulation there werevdraut the following
conclusions:

« duty of all workplaces of the analysed productioe grew up — average
about 2%. The bottleneck was loaded almost 100%,

* the volume of production grew up similarly — frdi@200 to 18600 pieces
(about 2%).
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4.4. Subordination of production planning to maximum exploitation
of the bottleneck

This principle was realized by the proper schedubh production orders.
In the first simulation the size of batches of matevas established on the level
of 20000 parts per week. How it turned out fromdation, we are not able to
process such quantity of material. In effect, thisded to enlarging queues
before machining centre (bottleneck). On the basisesults from simulation,
there was established, that 18600 pieces will bestlitable size of week’s batch
of production. With such level of production theeeage week’s size of the
gueue before bottle-neck will be constant.

4.5. Elevation of the bottleneck throughput

The efficiency of the machining centre should béaeyed by purchase
of a new machine. This solution was rejected -doge costs of investment.

There were proposed organization changes connedtiedools’ exchange,
which aim was the shortening of time of machinedsll during setup.

In the analyzed workplace there are 15 machiningsunvhich work
in different cycles of tools exchange. The setummf machining unit requires
to stop of the whole line and it often causes saih&l It was the main reason to
establish the setup time for units with the samgec{to minimize quantity of
standstills).

With regard to large differentiation working timé twols and their costs,
simultaneous setup of all units is not possibleer€hwere proposed several
solutions, which were modelled and checked by cderpsimulation. This
simulation was conducted in ARENA packet (Fig. 7).

The most important variants are:

V1 - current state (one worker sets up all productunits in machining
centre),

V2 - second worker's employment (one worker setfap the left side, and
second from the right side of machining centre),

V3 - engagement of two workers (both workers setinigs from the left and
the right side of machining centre in dependenceesd),

V4 — new schedule for setup (the change of setafesyand grouping tools for
minimize quantity of standstills).

By simulation there were determined, for definedarats, efficiency of the
analyzed units, duty of workers and workplaces. Tdmults from simulation
were used to comparison of proposed variants. Esevariant was V3 (Fig. 8).
The achieved results can be the basis for plansfitgpl service.
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Machining centre — the bottleneck of the machining line
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The achieved volume of production carries out alu000 pieces. The
duty of workplaces was increased average aboutTéfé.duty of the analyzed
machining centre carries out 98%, what means thatshould return to the
beginning of analysis, that is to identificatiordamproving of a new constraint
of the analysed production system.

5. Conclusions

In the described analysis there were presentedexaynples of simulation
variants. In practice, there are more variantsyTdam be more detailed and they
can taken into account more aspects of the anajy®selliction systems.

The disadvantage of the modelling and simulatiolal®ur-consuming of
building models. In the first prepared model, ip@ssible, comparatively easily,
to change its parameters and create next modeisgtakto account other
variants of different improvements of the identifieonstraint. It is possible, in
continuous way, to manage constraints — identifgnploading and check
possibility for improving.

The introduced example confirms, that modelling asichulation of
production processes becomes more and more imp@iging technique, not
only for designing of new production systems, bsid dor continuous improving
of already functioning production systems.

Manufacturing processes rationalisation and implgat®n management
traditional tools, like e.g. FMEA, 5S, TPM, SMEDiTJetc., and use new
technologies of a digital factory, like e.g. scangimodelling and simulation,
animation and virtualisation of the production meses may successfully
realized production, from the point of view of:

 supporting new products design,

* supporting manufacturing processes design, esignieg of workplaces,
sockets, production systems, working time normedgpction costs estimation,
choosing the optimal solution from a few alternatimanufacturing process
courses,

« designing logistic activities in enterprises (e.@nteroperational
warehouses, material flows inside cooperative sys}e

« supporting decision problems solving in the afeawestment.
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