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Abstract: It is suggested the method, which allows
to simulate and modify flexible manufacturing
systems of complicated and variable structure.

The stages of simulation modeling of flexible
manufacturing systems are observed. Methods are
demonstrated by an example of simulation mode-
ling of flexible manufacturing complex of wide
range of pasta production in AnyLogic screen.
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PROBLEM STATEMENT

Design-and-engineering decisions come under
conditions of uncertainty associated with
incomplete information available at the early design
stages, with rough and inaccurate description of
the certain stages of the projected production,
using simplified methods of its performance
evaluation etc. Therefore, it becomes important to
create accurate application of methods of
assessing the quality of design decisions. This will
create conditions for finding the best options for the
structure of flexible manufacturing systems.

In this paper suggested to use simulation
model of flexible manufacturing system to assess
the quality of its structure and to find "bottlenecks"”
in its work. The use of simulation modeling
implemented by the example of the flexible
manufacturing complex of packaging of various
types of macaroni products.

MAIN ARTICLE

1. Basic concepts of simulation modeling

Simulation modeling is a software reproduc-
tion of system operation through playback of
function or model of elements and connections.
Simulation modeling is based on mathematical
method of statistical testing that simulates and
explores on computer process model of system
operation with the formation of stochastic
processes or stochastic effects.

The approach is in repeated processes
formation of the system operation (runs) and
subsequent statistical processing of results.

The package of simulation modeling AnyLogic
is a software for simulation modeling of complex
systems and processes. In AnylLogic editing
program it is possible to develop animations and
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Anomauyis: 3arnporoHogaHo MemoOuKy, sika 00380r15e
moderroeamu i Modugbikygamu 2Hy4YKi eUupobHUYI cuc-
memu cknadHoi' ma 3MiHHOT cmpyKkmypu.

PosansHymo emanu imimauitiHo2o MoOesito8aHHs 2Hyu-
Kux eupobHu4ux komrniekcie. Memoduka npoinnto-
cmpoeaHa Ha npuknadi imimauiliHoeo MoOesito8aHHs
2HYYK020 8UPOBHUY020 KOMIIIIEKCY 8U20MOBIEHHS WU-
POKOI' HOMEHKIIamypu MakapoHHUX eupobie y 8iKHI
npoepamu AnyLogic.

Knroyoei cnoea: imimauiline modestogaHHs, 8UPObHU-
4ya cucmema, rnepeHanazo0XXeHHs, cmpykmypa.

NMOCTAHOBKA NPOBJIEMU

MPOEKTHO-KOHCTPYKTOPCBKI  PillEHHA MPUIMaTLCS
B yMOBax HEBW3HAYEHOCTi, MOB’A3aHMX 3 HEMOBHOTO
HasBHOI iHpopmaLii Ha paHHiX eTanax NPOeKTyBaHHS, 3
rpybvM i HETOYHUM OMMCOM OKPEMMX CTafii NPOeKTOBa-
HOro BUPOBHULITBA, BUKOPUCTAHHAM CMPOLLEHNX MeTO-
OVK OLHKM MOro NokKasHWKiB Towo. TOMy CTae Baxnu-
BMM CTBOPEHHS METOAMK 3aCTOCYBaHHS 3acobiB TOYHOI
OLHKM SIKOCTi MPOEKTHUX piweHb. Lle gossonutb CTBO-
pUTX YMOBW ANA NMOLUYKY Kpaliux BapiaHTiB CTPYKTypu
THYYKMX BUPOOHNYMX KOMMIEKCIB.

B paHin poboTi 3anponoHoBaHO 3actocyBaTw imiTa-
LifnHY MOAenb TFHY4KOro BUPOBHMYOro KOMMMekcy Ans
OLHKN SKOCTi MOro CTPYKTYPW i 3HaXO4XeHb «BY3bKUX
Micub» B oro poboTi. 3acTocyBaHHS iMiTauinHOT Moae-
ni  3giACHEHO Ha nNpuKnagi THy4Ykoro BUPOGHMYOro
KOMMMEKCY MakyBaHHS MakapoHHMX BMPOBIB pi3HOro
BMay.

OCHOBHWW TEKCT CTATTI

1. OcHOBHi NOHATTA iMiTauinHOro MmoaentoBaHHA

ImiTauinHe mogentoBaHHA - NporpaMHe BiOTBOPEH-
HA YHKUIOHYBaHHS CUCTEMMW 3aBAsIKM BiOTBOPEHHIO
yHKUiN abo mMoaenel enemMeHTiB Ta 3B’A3kiB. IMiTauin-
He MoZentoBaHHsA 6a3yeTbCcsl Ha MaTeMaTtU4YHOMY MeTO-
4i CTaTUCTUYHNX BUNPOOYBaHb, SIKMIA MOAENIOE | Jocnia-
KY€ Ha KOMM'oTepi MoAernb npouecy (PyHKLiOHyBaHHS
cucTeMM 3 YTBOPEHHAM BUMAaZKoBUX mnpoueciB abo
BMMaAKOBUX BMIIMBIB.

MeTon nonsrae y 6aratopasoBoMy YTBOPEHHI Mpo-
ueciB yHKLIOHYBaHHSA cMCTeMU (MPOroHiB) i noaanbLIol
cTaTUCTUYHOI 06po6Li pesynbTaTiB.

MakeT imiTauinHoro mopgentoBaHHA AnyLogic — npo-
rpamHe 3abesnedeHHsa Anst iMiTauinHOro MoaentoBaHHs
cKnagHux cuctem i npoueciB. Y pepaktopi AnylLogic
MOXIMBO PO3pobUTK aHimMauilo Ta iHTEPaAKTMBHUIA rpa-
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interactive graphical model interface.

It allows simulating and launching of production
systems and their technological processes. In
addition, it is provided the opportunity to optimize
material flows, resources usage and logistics for all
levels of production planning, from global to
regional production facilities and factories and
separate production lines.

diyvHMI iHTepdenc moaeni.

BoHa fno3Bonse mopentoBaTy Ta 3anyckatv BUpPOO-
HUYi cucTemMmn Ta iX TexHonoriyHi npouecn. Kpim Toro,
3abe3nevyeTbca MOXMMBICTb OMTUMI3aLii MaTepiano-
NOTOKIB, BUKOPUCTaHHA pecypciB Ta NOMCTUKM Ha BCiX
piBHAX MnaHyBaHHA BWPOOHMUTBA, Big4 rnobanbHuX
BMPOBHMYMX OBG’ekTiB [0 perioHanbHWX 3asodiB Ta
OKpeMUX BUPOBHNYMX MiHIN.

Setting of system parameters {5}

BapanHs napametpis cuctemn {6}

A

!

{x;3={x%3

v

A

Run of the system and determination of input parameters {YJ-'}

. . . i
MporoH cucTemu i BU3Ha4YeHHs BUXiOHWX NapameTpis {YJ}

Processing of statistical data in terms {Y ¢, }

O6pobka cTaTMCTUIHNX AaHnX y Bupasi {Y ¢ }

=0+ A0

Fig. 1 - Block diagram of operation system process with formation of stochastic processes or stochastic effects:
Xj- input variables of the system, Ycp - output variables, © - system parameters, i — run number, N — quantity of run numbers /
Brok-cxema npouecy yHKUIOHy8aHHSI cucmemMu 3 ymeopeHHsIM surnadkosux rpouecie abo sunadKosux ernnusis:
Xj- 8xiOHi 3miHHIi cucmemu. Ycp - 8UxiOHi 3MiHHI, © - mapamempu cucmemu, i - Homep rpoeoHy, N — KinbKicmb Mpo2oHis

2. Stages of simulation modeling

Upon closer look, building of really useful
simulation modeling requires a lot of work (Fig. 2).
First, developer of model should determine which
tasks will be solved with the help of this model, that
is modeling in any form should be preceded
statement of modeling purpose. This stage can be
described as the creation of conceptual (content)
model. It is structuring model, i.e. the selection of
certain subsystems, determining of primitive
components of the model and their connection at
every level of the hierarchy.
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2. ETanu imiTauinHoro moagentoBaHHA

Mpu petansHoMy po3rnsagi, nobygosa QiNncHoO kopuc-
Hoi iMiTauiiHoi Mogeni BuMarae Benukoi poGoTu
(pnc.2). CnoyaTtky po3pobHMK MoAeni NMOBWHEH BU3Ha-
unTK, 9Ki 3aBgaHHS OyayTb BupilyBaTWUCh 3 ii 4ONOMO-
rot, TOGTO MOAENOBaHHIO B ByaAb-sikii 10ro hopmi mae
nepegyBat OPMYJIIOBaHHS METU  MOAENOBaHHS.
[aHui eTan MoXHa oxapakTepusyBaTuh SIK CTBOPEHHSI
KoHUenTyanbHOi  (3MicTOBHOI) Mogeni. Ha Hbomy
BinOyBaeTbCA CTPYKTypm3auist mogeni, TO6To BMAINeHHs
OKpeMmnx  NiACUCTEM, BU3HAYEHHS1  eneMeHTapHUX
KOMMOHEHTIB Mogeni Ta iX 3B'A3KiB Ha KOXXHOMY pPiBHi
iepapxii.
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Fig. 2 - Example of production system visualization / lpuknad sisyanisauyii eupobHu4oi cucmemu

1. Problem formulation and goals setting of SM /
@opmynosaHHs npobremu i susHaqeHHs uinet IM

v

2. Determination of the most important elements and aspects
| of system processing / BusHa4eHHs1 Halisaxxugiuux

erieMeHmi8 i acriekmie gbyHKUIOHy8aHHs1 cucmemu

A\ 4

3. Formalization of simulation modeling / l—
®opmanizayisi imimauyitiHoi Mmoderni
]

4. Programming of simulation modeling /
lpozpamysaHHs imimay,itiHoi modeni

v

5. Planning of simulation experiment /
lnaHyeaHHs imimayiliHoeo ekcriepumeHmy

A 4

6. Determination of initial states of simulation
modeling / BusHa4eHHsI moYamKkogux cmaHie  |g—
imimaujdHoi moderni

|
v

7. Preparation of initial data /
llideomoeka noyamkogux daHuUx

v

8. Realization of simulation experiments /
lposedeHrHs1 iMimauiltiHux ekcriepumeHmie

v

9. Interpretation of the obtained results /
IHmeprnpemauisi o0epxaHux pe3ynbmamie

A

Fig. 3 — Stages of simulation modeling / Emanu nposedeHHs1 imimaujitiHoao ModentogaHHsI
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In simulation modeling the structure of model
reflects the structure of a real modeling object at
some level of abstraction and connection between
components of model are reflection of real connec-
tions. Elements of the system, their connection,
parameters and variables and also their corre-
lation, and their change laws must be expressed
by means of simulation environment that is, in this
environment must be identified variables and
parameters of the model, constructed procedures
for calculating change of variables and character-
ristics of the model over time.

Y iMmiTauinHOMy MoAentoBaHHi CTpyKTypa Mogaeni
BigoGpaxkae CTPyKTypy peanbHoro ob'ekta MoaentoBaH-
HS Ha gesikomy piBHi abCcTpakuii, a 3B'A3KM MiXK KOMMO-
HeHTaMn Mofeni ABNATLCH BiAOOPaXKeHHSAM peanbHUX
3B'A3KiB. EnemeHTn cuctemu, ix 3B'd3kM, napameTpu i
3MiHHi, @ TakoX iX CMiBBIOHOLUEHHS i 3aKOHWU iX 3MiHU
noBuHHi 6yTM BupaxeHi 3acobamn cepegosuLla
MOZEnNBaHHA, TOO6TO B LbOMY CepedoBWLLi MOBMHHI
OyTV BU3Ha4eHi 3MiHHi i napameTpun mogeni, nobyaoBaHi
npoueaypu 064YNCNEHHS 3MiHN 3MIHHUX | XapaKTepUCTUK
Moaeni B yaci.

Table 1

Stages of computer simulation / Emanu komn’romepHo20 MOOes1l08aHHS

Result / PesynbTtat

Understanding of what happens in the system to be analyzed,
which is its structure, which processes occurre in it / Po3ymiHHs1
moeo, wo 8idbysaembcs 8 cucmemi, Wo nidnsazae aHarnisy, ska i
cmpykmypa, siKi npoyecu 8 Hili nepebizaroms

Tasks list that is need to solve by future model. List of input and
poutput model parameters, a list of output data, the criteria for the
ending of future research / Cnucok 3agdaHb,sKi nompibHo 6yde
supiwumu 3a 8oromozoto MaltbymHboi modesi. CrucoK 8xiOHUX i
8UXIOHUX NMapamempig Moderni, CrIUCOK 8UXIOHUX daHuX, Kpumepii
3asepuweHHs1 MaltibymHb020 00CTIOXKEeHHS

The structure of the model, structure of existing processes, which
should be reflected in the model, fixed level of abstraction for each
subsystem of model, description of logic control and connection of
subsystems / Cmpykmypa modeni, cknad iCHyto4uXx rpouyecis, wo
nompiéHo  8idobpazumu 8 Mmodeni, 3acghikcogaHuli pigeHb
abcmpakuii Onsi KoxHoi nidcucmemu  MoOeni, onuc Kepyryor
roeiku ma 38’a3ky nidcucmem

Completed subsystems, their parameters and variables, their
behavior, implemented logic and connection of subsystems /
PeanizosaHi nidcucmemu, ix napamempu ma 3MiHHi, ix noeediHka,
pearizosaHa iozika ma 38’s3ku nidcucmem

Animated image of model, user interface / AnimauiliHe 306paxeH-
Hs modeni, iHmepgbelic kopucmysaya

Checking if the model reflects correctly the real system processes
that is needed to be analyzed / lMepesipka mozo, wo modesib
KOpekmHo egidobpaxae mi npouyecu peasbHOI cucmemu, SKi
nompibHo aHanizysamu

Fixation of parameter values, coefficients of equations and
distribution of random variables, which reflect the situation for
which the model will be used / ®ikcauis 3HavyeHb napamempis,
KoegbiyieHmie pigHsiHb ma po3nodiny sunadkogux 8esu4uH, Kompi
gidobpaxkatomb mi cumyauii, 0ns skux modesnb byde sukopucmo-
8ygamuchb

No Stage name / HasBa etany
1 System analisis / AHaniz cucmemu
2 Objective statement of the system modeling /
®@opmyrrosaHHs MeEMU MOOEIH8aHHS cucmemu
Development of a conceptual model structure /
3 Po3pobka koHuenmyanbHol cmpykmypu
moolerni
Implementation of the model in the simulation
4 environment / Peanizayisi Mmoderii 8
cepedosuwyi MoOerto8aHHs
Implementation of animated model presentation
5 | Peanizauia aHimauitiHo2o npedcmasneHHs
moderni
6 Checking the accuracy of the model /
lNepesipka kopekmHocmi peanizauii modeni
7 Calibration of model / Kani6poska modeni
Planning and conducting of computer
8 experiment / [naHysaHHs ma rnpoeedeHHs
KOMITIomepHO20 ekcriepumeHmy

The simulation results - graphs, tables, etc., that provide answers
to raised questions / Pesynbmamu moderno8aHHs — 2padpiku,
mabnuui i m.n., kompi daromsp 8i0noeidi Ha nocmasseHi nuMaHHs

If it is necessary for greater understanding of the

processes occurring in the model should be
developed animated presentation of these
processes.

Then constructed model should be tested in
terms of correct implementation.

The next stage is the calibration or identification
of model, i.e. data collection and measurement of
those characteristics in a real system to be

introduced in the model as parameter values and

Mpu HeobxigHOCTI ANA GiNbLLIOro PO3yMiHHS NPOLECIB,
Wo npoTikaloTb B Mogeni, mMae 6yt po3pobneHo
aHimauinHe npefcTaBneHHs uux npouecis.

MoTim nobynoBaHa Moaenb NoBMHHA OyTW nepesipe-
Ha 3 TOYKU 30pYy KOPEKTHOCTI il peanisadii.

HactynHuin etan - ue kanidbpyBaHHs abo ineHTudika-
uis mogeni, To6To 36ip AaHUX | NpoBeAEHHS] BUMIptOBaHb
TUX XapaKTepPUCTUK B pearnbHili CUCTEMI, SKi MOBUHHI ByTn
BBedeHi B Modenb Yy BUrMNSAi 3HayeHb napameTpiB i
po3noainie BUNaaKoBMX BENUYUNH.
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distribution of stochastic dimensions.

Then it is necessary to check the correctness of
the model (its validation), which is that the output of
the model is tested on several test modes in which
behavior of the real system is known or obvious.
The last stage of work with model is a computer
experiment, that is actually the reason for which
model was created.

In the simplest case, the experiment is an
implementation of model in different values of
existing parameters (factors) and observing its
behavior to the registration of the characteristics of
behavior. This type of model usage is called
prediction or experiment such as "what if ...".

Computer simulation enables not only to get
prediction, but also to determine which control
impacts on the system will lead to a favorable
development. More complex experiments can
perform sensitivity analysis of model, the risk
assessment of different options of control solutions,
and also optimization to determine the parameters
and conditions for sustainable operation of model.

One of the important issues is the presentation
and analysis of simulation results. Simulation
modeling method is in repeating formation
processes of the system operation (runs) and
subsequent statistical processing of results.

3. Simulation modeling of flexible manufacturing
packaging system

As an example of implementation can be the
simulation modeling of complex objects such as the
operation of flexible manufacturing systems of
manufacturing and packaging of macaroni products
with application AnylLogic program. For this, let's
describe production of 7 kinds of macaroni.

The line works as follows: macaroni products
are extruded and fed to overdrying where they
previously are shaken and dried out. After that,
products go to drying room number 1 by bucket
conveyor, where it passes through the conveyor
belts and dry out for 55 minutes. Further pasta goes
to drying room number 2 by bucket conveyor, where
products are passed through the transporter system
finally dried for 5 hours. Ready-made macaroni
products after drying room number 2 go to
refrigerating system by bucket conveyor. Then
products go to one of the available bins by conveyor
belt. From filled hopper production goes to one of
the packaging machines, depending on consumer
demand. Packaged products are put together by
packagers onto pallets, which after filling are drove
by electric loader to the finished goods stock
location.
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Jani, HeobXigHO BUKOHATU MEPEBIPKY MPaBUIbHOCTI
mogeni (il Banmigauito), aka nondrae B TOMy, L0 BuXig
Mogfeni NepeBipAeTbCA Ha OEKINbKOX TECTOBUX PEXUMAX,
B SKWX, XapaKTepuUCTUKM MOBEAiIHKM pearbHOi cuctemm
BigoMi abo ouyeBupgHi. OcTaHHiM eTanom poboTn 3
MOAENM € KOMN'IOTEPHUIA eKcnepumeHT, ToBTo BnacHe
Te, 3apaam 4oro i cTBopioBanacs mogerb.

Y HavnpocTilwoMy BuUMNagaKy eKCnepuMmeHT - ue
BMKOHaHHA MoOZeni npu Pi3HUX 3HAYeHHAX i iCHY4MX
napameTpiB (hakTopiB) i cnocTtepexeHHs i NoBeaiHKn 3
peecTpauielo  xapakTepucTuk noBsefiHkM. Llen Bug
BMKOPUCTAHHS MOZErNi HasuBaeTbCA MPOrHo3om, abo
eKkcrnepvMeHToM Tuny «Lwo byae, akwo ...». Komn'totepHe
MOZEMOBaHHA [O03BOMSIE HE TiMbKM OTPMMAaTU MPOrHO3,
ane i BM3HaYWUTK, SKI Kepyodi BNAUBM Ha cUCTEMY
npvBeayTb OO CNPUATIMBOIO PO3BUTKY Modin. binbl
CcKnagHi eKkcnepumeHTV [03BONSATb BUKOHATW aHanis
YYTNMBOCTI Mogeni, OLiIHKY PW3WKIB Pi3HUX BapiaHTiB
Kepyruux pilleHb, a TakoX ONTMMI3auii Ans BU3HAYEHHSA

napameTpiB i YMOB pauioHanbHOro (PYHKUiOHYBaHHA
mogeni.
OpHe 3 BaXNIMBUX MUTaHb - NPEACTaBMNEHHS Ta aHani3

pesynbTaTiB  MogenoBaHHA.  MeTtog  imiTauiviHoro
MOLENBaHHA nondrae y OGaratopas3oBOMy YTBOPEHHI
npoueciB  yHKUiOHYBaHHA  cucTeMyn  (MPOroHiB) i
nopanbLoi CTaTUCTUYHOT 06pobLi pesynbTarTis.

3. ImiTauinHe moaentoBaHHA rHy4YKOi BUPOGHUYOI
cucTeMu nakyBaHHS

Mpuknagom peanisauii MOxe cnyryeaTtu imiTauiniHe
MOZENMOBaHHA CKragHux O6’eKTiB Takux K (PyHKLiOHY-
BaHHA THYYKMX BUPOOHMYMX KOMMMEKCIB BWUIOTOBMIEHHS
Ta NaKkyBaHHA MakapoHHWX BWPOGIB i3 3acTOCyBaHHAM
nporpamn AnylLogic. [na uporo onuwemo BUPOBGHMLTBO
MaKapoH 7 BuAiB.

JliHis npauloe HaCTyMHUM YMHOM: MakapOHHI BMPOGK
BUAABMIOIOTLCA MPECOM Ta MOCTYNalTb Y NPECYLUKY, Ae
BOHW nonepeaHbO PO3TPYLUYTbCA Ta NiACYLIYIOTbCS.
Micns ubOro NPOAYKLUiA KOLUMKOBMM TPaHCMOPTEPOM MO-
AaeTbCs A0 CYWKU HOMep 1, Ae BOHa NpoOXoauTb Yepes
cUCTeMy CTPIYKOBMX TpaHCMOPTepiB Ta NiACYLYETbCA
npotarom 55 xeunuH. [ani mMakapoHHi BUpOOM KOLUMKO-
BVMM TPaHCNOPTEPOM MOAAITLCH A0 CYLUKU HOMeEp 2, ae
NpoAyKUis MPOMLLOBLUM Yepe3 CUCTEeMY TpaHcrnopTepis
OCTaTOYHO BUCYLLYETLCA NPOTAroM 5 rogunH. MoToBi Maka-
POHHI BMpOOM nicns Cywkn HOMep 2 KOBLUMKOBUM
TpaHCMNopTEPOM MOAAITECA B XOMNOAUNBHY YCTaHOBKY.
Micna uboro NPoAyKuis CTPIYKOBUMW TpaHcnopTepamu
nocTynae 4O OAHOro 3 BinbHMX OyHkepiB. 3 3anoBHEHOro
OyHkepa npoaykuis nocTynae A0 OOHOro 3 nakyBalbHWUX
aBTOMaTiB B 3aneXHOCTi BiA 3anuTiB crnoXxusadis. 3ana-
KOBaHa MpoAYyKUis CKnagaeTbecs nakyBanbHULAMU-YKNa-
JanbHUUSAMKM  Ha naneTtn, KOTpi nicnsa  3amnoBHEHHSN
erneKkTpoHaBaHTaXyBay BiABO3UTb Ha CKNag roToBoi
npoaykuii.
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The duration of each stages of the production,
obtained by experiment, we show in Table 2.

In total can be produced 7 kinds of products.
Due to the different forms of products and their
different flowability, duration of hoppers filling of
different type of products is also different. Data on

Fig. 4 - Key elements of the model / Krroyosi enemeHmu moderni

TpwBanicTb KOXHOI 3 cTafii BUpobHMUTBA, OTpPUMaHI
OOCTiAHUM LUMSIXOM, MU Bifo6pasmmMo B Tabnuui 2.

Table 2

The duration of the production stages / Tpueanicmb cmadili eaupobHuymea

N Production stage / Duration, min /
o. - )
Crapia BupobHuuTBa TpuBanicTb, xB.
1 Press and overdrying / 5
Mpec Ta npecyLuka
Drying room No.1/
2 Cyuika Ne1 55
Drying room No.2 /
3 Cyuika Ne2 300
4 Refrigerating system / 5
XonogunbHa ycTaHoBKa
5 Hopper / 50-80
ByHkep
Packaging machinel kg (0,9kg) /
6 0,077
MakyBanbHa mawmHa 1 kr (0,9kr)
Packaging machine 3 kg (kg) /
7 0,066
MakyBanbHa mMatimHa 3 Kr (2Kr)
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Bcboro moxe Bunyckatucb 7 BUWAIB npoaykuii. Y
3B'A3Ky 3 pi3HO ¢hopmoro BupobiB, a B pesynbrarti
pi3HOIO iX CUMNYYICTIO, TPMBAaNICTb HAaNOBHEHHSI DyHKepiB
pi3HMM BMAOM MpPOAYKUii Tex € pi3How. [aHi npo
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filing hoppers obtained by experiment tabulated in
Table 3.

HanoBHEHHs1 OyHKepiB, OTPMMaHi AOCMiIAHUM LUSSIXOM,
BHeceMo y Tabnuuo 3.

Table 3

Duration of filling hopper with finished products / Yac HanoeHeHHs1 6yHKepa 20mo080oto MPOAYKYieto

Type of product / Bug
npoaykuii

Duration, min /
Yac HanoBHEHHS, XB

Tube /
Tpy6ouka

55

Spiral /
Cnipanb

50

Elbow /
Pixkkun

60

Straws /
Pixkn conomka

70

Vermicelli /
Bepwmiwenb

80

Shell macaroni /
Pakywku

60

Conchiglie shells /
Yepenalukm

70

It is necessary to examine, depending on the
mode of packaging, conveyor belt speed and
frequency of breakdowns lines, the frequency
change of the product types, load conditions of
production elements such as: 1) hoppers; 2)
packaging machines; 3) finished goods stock.

Thus, the input parameters to construct
simulation model are:

- type of production;

- the speed of the conveyor;

- packaging machines parameters (packaged
products weight);

- breakdowns of conveyors.

It should be noted that all parameters can be
changed at the moment of model run.

Let's carry out this model in discrete-event
abstraction. First of all, let's make the location
scheme of the key elements of the model (Fig. 5).

Numbers of notation convention elements
correspond to Table 2, the storage - the position 8.
Let's simulate work of two employees in operating
unit, in filling line - four workers and a driver, and
also simulate work of the finished goods stock - will
come trucks and pick up products.

The logic of the construction and operation of
this scheme is the following: elements perform their
function in a logical scheme of the enterprise.

Logic charts generate application which then
moves by the scheme; therewith each application
passes all stages, taking a decision at the time of
passage not knowing in advance what will happen
next.

Storing products in finished goods stock is
modeled by queuel0 and delayl0 elements.
SelectOutputl2 element checks if there is a
machine for loading, selectOutputl5 element
checks whether it is needed to load a machine, or it
is already loaded. Sinkl element simulates
transportation of products from finished goods
stock.
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HeobxigHo gocnigutn B 3anexHOCTi Big pexumiB
dacyBaHHS, LUBUOKOCTI KOHBEEPHOI CTPIYKM Ta YACTOTU
MOMIOMOK MiHii, YacToTM 3MiHM BuAy NPOAYKLUIi, Lo
BUMYCKAETbCS, CTaH  3aBaHTaXEHOCTi  eNeMEHTIB
BMpobHuUTBa, a came: 1) ByHkepiB; 2) nakyBanbHUX
MaLluuH; 3) cknagy rotoBoi NpoaykKLji.

Takum  4vMHOM, BXiDHUMW napameTpamu  ANng
nobynoBwu imiTauinHoi mogeni 6yayTb:

- BMA, NPOAYKLUIT;

- LWUBMAKICTb TPaHCNopTepa;

- napameTpu acyBanbHuUx asTomMaTiB  (maca

cdacoBaHoi npoaykuii);

- MONIOMKW KOHBEEPIB.

Cnig 3a3HauvTW, WO BCi NapameTpyu MOXyTb OyTu
3MiHeHi 6e3nocepenHbO B MOMEHT BUKOHAHHS MOoAEeNi.

Bynemo BuKOHyBaTW faHy Mofenb y AWCKPETHO—
nopiesin abctpakuii. CnovaTky 3pobumo  cxemy
po3TaLlyBaHHS KINOYOBUX enemeHTiB mogeni (Puc. 5).

Homepy yMOBHMX MNO3HAYOK EneMeHTIB CUcTeMU
BignoeigawTb Tabnuui 2, cknag — nosuuisa 8. Y
BMPOOHUYIA  YacTuHi  3mMofenioemo poboTy  ABOX
npauiBHUKIB, Y dacyBanbHin — 4 npauiBHUKIB Ta Bogis,
a TaKkoX 3mojeniemo poboTy cknagy roTtoBOi
npoaykuii — ©OyoyTb npuikaXaTW BaHTaXiBKM Ta
3abvpaTtu npoagykLito.

Jlorika nobynoBu Ta poboTK i€l cxemu - enemeHTH

BUKOHYIOTb  CBOIO  (PYHKUilO Yy  JOriYHiN  cxemi
nignpmMemcraa.
JloriyHi cxeMu reHepyoTb 3a8BKM, KOTPi NOTIM

pyxalTbCA 3a CXeMOl, MpU LUbOMY KOXHA 3asiBka
npoxoauTb BCi CTagii, NpuiMaloym pilleHHs B MOMEHT
NPOXOMXXEHHS, TOOTO 3a3ganerigb He 3Hatoun, Wo oyae
nani.

36epiraHHs npoaykuii Ha cknagi M MogentoeTbea
enemeHtamn queue10 Ta delay10. EnemeHT
selectOutput12 nepesipse 4n € MaliMHa Ha 3arpysky,
enemeHT selectOutput15 nepesipsie 4n MOTPIOHO e
3aBaHTaXyBaTW aBTO, YU BOHO BXe 3arnoBHEHE.
EnemeHT sink1 mogentoe BMBE3eHHs NPOAyKUii 3i
cknagy ITI.
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Fig. 5 — The logic scheme line (a) its first section (b) and stock (c) /
JloeiyHa cxema niHii (a), i nepwoi dinbHuui (b) ma cknady (c)

source - element responsible for generating logic unit / enemenm, wo eidnosidae 3a eeHepaujito noeidHoi 0OUHUYi MPOOYKUIT,
delayl - press and pre-drying / npec ma npe cywka; delay2 - drying 1 / cywka 1; delay3 - drying 2 / cywka 2; delay4 -
refrigeration system / xornodunsHuk; delay5 — hopper / 6yHkepa; delay6 - filling machine 3 kg (or 2kg) / ¢pacysanbHa mawuHa 3
Ke (abo 2ke); delay7 - filling machine 1 kg (or 0.9kg) / ¢pacysanbHa mawuHa 1 ke (abo 0.9 ke); batch, batchl - forming of pallets /
¢opmysaHHsa nanemu; delay8, delay9 — transportation of products to finished goods stock / nepeeeseHHsi npodykuii do cknady
[TI; unbatch, unbatchl - assembly of products to the finished goods stock / cknadaHHs npodykuii Ha cknad [T1; queuelO,
delay10 - storage of products in finished goods stock / 36epieaHHsi npodykuii Ha cknadi IT1; delay20 - loading of products to the
truck / 3asaHmaxxeHHsi Mpodykuyii 0o eaHmaxisku; sinkl - export of products by truck from the enterprise / suseseHHs npodykuir

8aHMaxigKoro 3 nidnpuemMcmea.

The AnylLogic software based on object-
oriented concepts. Object-oriented approach in
designing complex objects is a modern and
effective method of managing of the complexity of
information.

Usege AnylLogic software makes it possible to
evaluate the effect of design decisions in complex
systems of the real world (Figure 6).

In its turn simulation modeling allows an easy
and natural way to organize and present the
structure of complex objects of technological
systems.

Coefficient of readiness - the probability of that
object will be operational at any moment in time,
except for scheduled periods during which usage of
the object for purposes is not provided.

By experience we received the following:

Time to failure: t1=47min, t2=18min, t3=360min,
t4=220min, ts=34min.

Recovery time: tir=15min, t2=5 min, t3=12 min,
tar=25 min, tsr=5 min.

e

Mporpamunii npogykt AnylLogic 3acHoBaHwi Ha
06'exTHO-OpieHTOBaHIN KoHuenuji. O6'ekTHO-OpieHTOBa-
HWM nigxig nNpu NPOEeKTyBaHHi CknagHux O6’eKkTiB €
CyqyacHUM Ta eqdeKTMBHUM METOAOM  YrpaBriHHS
CKnagHicTio iHhbopmaluii.

BukopuctaHHa nporpamHoro npoaykty AnylLogic
[ae MOXNMBICTb OUIHUTU edEKT KOHCTPYKTOPCbKUX
pilleHb B CKNnagHWx cuctemax pearbHoro ceiTy (puc.6).

B cBoto yepry imiTauiiHe MogentoBaHHA [0O3BONSA€E
NpoCTMM i NPUPOAHIM YMHOM OpraHidyBaTtun i npeacra-
BUTW CTPYKTYPY CKMagHux  OB’eKTiB TEeXHOMOrivYHUx
KOMIMIEKCIB.

KoediuieHT rotoBHocTi (aHrn. coefficient of readi-
ness) — MMOBIPHICTb TOrO, WO 06'eKT BUABUTLCS NpaLie-
34aTHUM Yy OOBINTbHUA MOMEHT Yacy, KpiM 3annaHoBa-
HMX nepiodiB, NPOTATOM SIKUX BUKOPUCTaHHA ob'ekTa 3a
Npu3HayeHHsM He nepeabdayeHo.

JocnigHum WnNaxom Mu oTpumManu Taki AaHi:

Hapob6itok go sigmoBu: t1=47xB, t2=18x8, t3=360xs,
ta=220xB, ts=34xB.

Yac BigHOBNEHHS: t3s=12xB,

t1s=15xB, t2:=5xB,


http://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
http://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D1%86%D0%B5%D0%B7%D0%B4%D0%B0%D1%82%D0%BD%D1%96%D1%81%D1%82%D1%8C_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
http://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D1%86%D0%B5%D0%B7%D0%B4%D0%B0%D1%82%D0%BD%D1%96%D1%81%D1%82%D1%8C_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
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Then: t4s=25xB, t5s=5xB.
Topi

tm= (47 + 18 + 360 + 220 + 34) / 5 = 135,8 min.
tr=(15+5+12+25+5)/5=12,4 min.
Thus the availability factor is: Taknm YMHOM KOoediLiEHT FOTOBHOCTiI CTAHOBUTL:

_1358+12,4

L= =0,916
1358
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Fig. 6 — Simulation modeling of compicated objects of flexible manufacturing complexes and packaging of macaroni products in
AnyLogic splash screen / ImimayjiliHe Modernto8aHHs ckrnadHUX 06°ekmig eHy4KUX 8UPOBHUYUX KOMITIIEKCI8 8U20MOBIIEHHST ma
rnakysaHHs1 MakapoHux eupobis y eikHi npoepamu AnyLogic

CONCLUSIONS BUCHOBKU

1. Principles of modeling with variable 1. Po3rmngaHyTi NpWHUMMM  MOAEMIOBAHHSA Mpwu
structure modification of flexible manufacturing mMogndikauii 3MiHHOT CTPYKTYpU THYYKMX BUPOGHWYMX
systems are exemined. cuctem.

2. During modeling it is provided the 2.  [pu moanentoBaHHi 3abe3nevyeTbcs MOXIN-
opportunity to optimize material flows and use of BiCTb OMTUMI3aUii MaTepianonoToKiB i BUKOPUCTAHHA
resources at all levels of production, from global pecypciB Ha BCix piBHsIX BMPOOHULTBA, Big rnodanb-
production facilities to regional factories and HUX BMPOBOHUYMX OG’EKTIB 40 perioHanbHMX 3aBOAiB Ta
separate production lines. OKpeMUX BUPOBHNYMX MiHIN.

3. It is mplemented stages of simulation 3. PeanisoBaHo eTanu imMiTauinHoro mopento-
modeling of flexible manufacturing system using BaHHSI THYy4KOi BUPOOHMYOI cuCTeMU 3a [OMOMOroH
AnyLogic software. nporpamHoro 3abesneyeHHsa AnyLogic.

4. Method allows to simulate and optimize the 4. MeToomka  [o3BONSE  MoAentoBatM  Ta
organization of readjustment of flexible manufactu- ONTUMI3yBaTK OpraHisaLilo nepeHanarogKeHb rHy4Knx
ring systems. BUPOOHUYMX CUCTEM.
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