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EFFICIENCY INCREASING OF FLEXIBLE PRODUCTION MODULE
FOR CAPPING BOTTLES

MNigBULLEHHST EGEKTUBHOCTI THYYKOIro BUPOBHN4Y0I O MOAYIiA
AJ15 3AKYTIOPOBAHHA MIALLOK

Abstract: The new method of increasing the
versatility of packaging equipment is developed in
this article. It is established that the extension of the
nomenclature’s range requires increasing not only
the versatility of the equipment. The speed of his
transition from the manufacturing of products from
the same type to another type is very important too.
This is achieved by providing flexible production
modules (FPM) on the base of model packaging
equipment.
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INTRODUCTION

Development of the packaging production makes new
demands to the formation of technological packing
complexes. Widening of the range of serial release of
products on the one hand, and seasonality with high
turnover of production plan — with the other, requires
increasing not only the versatility of the equipment, but
the speed of his transition from the manufacture of
products from the same type to another type. This is
achieved by providing flexible production modules
(FPM) on the base of model packaging equipment. Itis
advisable to use the functional-modular principle of
building the machine’s structure when such
restructuring of ones is used.

MAIN ARTICLE

Information technology (IT) of automated designing
the FPM consists of three main components:

- organizational and methodological support, which
contains models and systems to subscribe the packs,
constructions of functional modules (FM) and
evaluation criteria;

- systems of program tools to discharge optimization
synthesis;

- set of technical tools — computing equipment for
storing and processing data;

Given plural of bottles and plural of cappingmeans
for bottles with limitation of their profiles are input data
to design FPM. Let's submit a technical target as a
tuple:

Pe3rome: Po3pobrieHo npuHUyunoeo Hosuli  croci6
nidsuweHHs YHigepcansHocmi nakysearbH020
obrniadHaHHs. BcmanosneHo, wo PO3WUPEHHS
HOMeHKamypu cepiliHo2o 8urlycKy 8upobig 3 00Ho20 60Ky
ma Ce30HHICmb | weudKka 3MiHI8aHicmb npozspamu
supobHuUymea — 3 IHWO20, BUMa2ac MidBUUEHHS] He
minbKu yHigepcanbHocmi obnadHaHHs, ane i weudkocmi
tio2o nepexody 3 su20MoBeHHs 8upobie 00HO20 murly Ha
iHwud. Lle docsszaembcs cmeopeHHsIM Ha 6a3i murnogozo
obnadHaHHA  eHy4YKux eupobHu4ux modynie (FBM)
rakyeaHHsi.

Knro4oei croea: asmomam, 3akyrnoptogaHHsi, MOOYIb,
nakyeaHHs1, npucmpit

BCTYN

Po3BuTtok nakyBamnbHOro BMPOGHMLTBA CTaBWUTb HOBI
BUMOrM 00 (OPMYBaHHA  CTPYKTYpP  TEXHOMOFYHUX
KOMMNIEKCIB MNakyBaHHA. Po3WwWnpeHHs HOMeHKnaTypu
cepiiHoro BMnycky BMpoGiB 3 0gHOro 60Ky Ta CE30HHICTb i
LUBMAKA 3MiHIOBAHICTb NpOrpamMmu BUpOOHMLTBA — 3 iHLIOTO,
BMMarae nigBULLEHHS He TiNbkM  YHiBepcanbHOCTI
obnagHaHHA, arne i LWBWAKOCTI WOro nepexody 3
BUIOTOBMEHHA BMPOGIB ogHOro Tuny Ha iHwwui. Lle
[ocsiraeTbCa CTBOPEHHSAM Ha 6asi TunoBoro obnagHaHHs
FHYYKkux BMpoOHnuYnx moaynis (FBM) nakyBaHHs. MNpu win
nepebyaosi MaLUnH OoUinbHO BUKOpUcTaTn
yHKLiOHaNbHO-MOAYNbHUIA NPUHLMN iX Oy40BW.

OCHOBHWM TEKCT CTATTI

IHdbopmauinHa TexHonoria (IT) aBTOMaTM3oBaHOro
npoektyBaHHa [BM cknagaetbca 3 TPbOX OCHOBHUX
KOMMOHEHTIB:

-OpraHisauiiHo-MeTO4MNYHOro 3abe3neyeHHs, o
MiCTUTb Mogeni Ta CMCTEMM OMUCY MakoBaHb, CTPYKTYpU
BM, KOHCTpPyKUin dyHKUiOHanbHMX Moaynis  (PM),
KpUTEpIi OLliHIOBAHHS,

-CUCTEMMU NporpamMmHmnx 3acobie 4ns BUKOHAHHSA 3aBAaHb
ONTUMI3aUiHOro CUHTE3Y,

-KOMMIIEKCY TEeXHiYHMX 3acobiB — obumMcnioBarnbHOI
TeXHikn ans 3bepexxeHHs1 Ta 06pobKM AaHUX.

BuxigHumun gaHnmn ans npoektyBaHHa BM € 3agaHa
MHOXMWHa NMSLWOK Ta MHOXWHA 3aKyrnoptoBarnbHUX 3acobis
Ons HUX Ta oOMexeHHs Ha ix napameTpu. TexHiyHe
3aBAaHHA NPEeACTaBUMO Y BUIMSAAI KOPTEXY:

73 ={{11n] [3ax]W,Z} 1)

where [[Mn] — given plural of bottles,
[3ak] — given plural of capping means,
W — optimization criterion,

e [[n] — 3agaHa MHOXMHa TUNIB NAALIOK,
[3ak] — 3apaHa MHOXWHA 3aKynoproBanbHNUX 3acobiB,
W - KkpuTepin onTumisaui,
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Synthesis group technological transaction (GTT) of
capping bottles are committed on the base of
transformation output data about building blocks of
bottles and capping means for them, which are the part
of plural component to make. After this the matrix of
FPM’s structure, that describes its structure, location
and FM'’s characteristics, is formed on the base of
FPM. Chain of transformations which are necessary to
create an abstract pack, is taken as the base of
technological group pack transaction. Abstract pack
contains elements incidental all bottles that needs to
be plugged in FBM.

Typical construction of capping machine provides
employment of major functional mechanisms, which
are installed on a common frame 1 with a drive:

- rotor 2 with capping mechanisms 6 and tables for
bottles;

- feeder 3 with a mechanism to one-piece delivery
capping means;

- mechanisms 4 to reload bottles from transporter to
tables of the rotor and reload plugged bottles from
rotor’s tables to transporter;

- transporter 5 fir bottles.

CuHTe3 rpynoBoOi  TexHomnoriyHoi onepauii  (FTO)
3aKyrnoploBaHHA  MMSAWOK  30IACHIETLCA Ha  OCHOBI
NepeTBOPEHHA BUXIAHUX [aHWX NP0  KOHCTPYKTUBHI
enemMeHT! MNNAWOoK i 3aKynoproBanbHMX 3acobiB, Lo
BXOOATb OO CiMENCTBa, sike HeobxigHo BurotoButu. licna
uporo Ha 6asi ['TO cdopmyeTbea maTpuusa cTpykTypu MBM,
O onuCcye cknapg, po3MillleHHsa Ta xapaktepuctukm OM.
3a OCHOBY IpynoBoOi TEXHOMOriYHOI onepauii nakyBaHHS
B3ATO MOCMIOOBHICTb MNEPeTBOpeHb, HeobOXigHy Ans
CTBOPEHHSA y3aranbHEHOro NakyBaHHs. Y3aranbHeHe
nakyBaHHs MICTUTb eNneMeHTH, BnacTumei BCiM
KOHCTPYKLISIM MIISLIOK, L0 MOBWHHI 3aKynoploBaTucs Ha
BM.

KoHCTpyKUis TuUnoBoro asToMaTa AN 3aKynopeHHs
NNAWoK nepeabadae BUKOPUCTAHHSA TakuxX BCTAHOBMEHUX
Ha CninbHiW CcTaHWHi 1 i3 NPMBOAOM TaKWX OCHOBHMWX
dyHKUiOHaNbHUX MexaHi3miB (puc. 1):

- poTop 2 i3 3aKynoptoBanbH/UMK NaTpPoOHaMM i CTonnkamm
AN NNSLWOK,

- XXMBUIbHUK 3 3aKyrnoploBanbHUX 3aco0iB i3 MexaHiaMoM
6 nowwTy4HOI BMAaui 3akynoproBansHux 3acobis,

- MEXaHi3aMu 4 nepeBaHTaXXEHHS NISLWOK 3 TpaHcnopTepa
Ha CTOMWKWU 3aKyrnoplBarbHOro poTopa i BMBAHTAXEHHS
3aKyrnopeHux NMsiLoK Ha TpaHcnopTep,

- TpaHcnopTep 5 NMsILOK.

Fig. 1 - Typical construction of capping machine / KoHcmpykuisi muriogoeo aemomama Orisi 3aKynOPEeHHS MAsILOK

I's obviously that capping mean is the base
functional mechanism of packing automat. This
equipment determines direct functional purpose of
packing automat because reliable capping containers
is a necessary condition to preserve product quality
and provision necessary storage conditions.

Design of capping devices depends on the shape
and geometrical sizes of containers, closures and
method of plugging. According to the capping method
all capping mechanisms are divided into two main
groups:

1) blow-rod;

2) spinners.

Existing capping machines has low versatility
because they are designed for specific combination of

OuyeBMaHO, WO OCHOBHUM (QYHKLIOHANbHUM NPUCTPOEM
3aKynoploBanbLHOrO  aBToMarta €  3aKynoploBanbHUN
NPUCTPIN, SKNIA | BU3Ha4Yae GeanocepeHe yHKLiOHanNbHe
NPU3HaYeHHA NaKyBanbHOMO aBToOMarta, OCKiSIbKM HadinHe
3aKyMNoOpeHHs1 Tapyu € HeobXigHOK YMOBOK 36epeXxeHHs
SIKOCTi NpoAyKTy i 3abe3neyveHHs HeOOXiAHUX YMOB 0ro
30epiraHHs.

KoHcTpyKLUis 3akynoproBanbHUX NPUCTPOIB 3anexuTb Bif,
POpMK | reOMETPUYHMX PO3MIPIB Tapu, 3aKynoptoBarbHUX
3acobiB i cnocoby 3akynopeHHs. 3a  cnocobom
3aKyNoOpeHHs 3aKyrnoploBarnbHi NPUCTPOI NOAINAITLCS Ha
[OBi OCHOBHI rpynu:

1) yaapHO-LUTOKOBI;

2) 3aKpy4yBaribHi.

HasBHi  KOHCTpyKUii  3akynoproBanbHUX aBTOMaTiB
XapaKkTepu3ylTbCsl HU3bKOK YHIBEPCAmNbHICTIO, OCKiNbKU
nepeBaXHO MNPOEKTYITbCSA Mif KOHKPETHE MOeaHaHHS
KOHCTPYKTMBHUX €MEeMEHTIB Tapu i 3aKynoprBarbHOro
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structural elements of containers and capping means.
Such approach is effective for the same range of
products, but is unsuitable to use in modern market
realities in competitive struggle between
manufacturers.

Modern approaches to improving versatility of
packaging equipment mainly include implementation of
the basic mechanisms that determine functionality of
filing machines. For example, it's enough to change
some base mechanisms to another ones that fit to
chosen combination of container’s construction and
capping mean when we need to transform the packing
machine to using another type of capping means.

Great time expenses for reconfiguration equipment
are fundamental flaws. These expenses leads to
demurrage equipment and financial loses in result.

TOO®

al

3acoby. Takun nigxin eqeKTUBHUA NpU  HE3MiHHIN
HOMeHKnaTypi npoaykuii, ane mano npugaTHun Ao
BMKOPUCTa@HHA B CY4acCHWX PUHKOBMX pearnisix B ymMoBax
KOHKYpEHTHOI 60poTbOM MiXX BUPOGHMKaMK.

CyyacHi nigxoan p[o nNiABMLEHHSA YHiBEpCarnbHOCTI
nakyBanbHoro obnagHaHHs nepeBaXHO nepenbavaloTb
BMKOHAHHA OCHOBHMX MEXaHi3MiB, $Ki BM3HA4YalOTb
PyHKUIOHaNbHEe MNpU3HAYeHHs1 MakyBanbHOro aBToMaTa,
3MiHHMMUW. Hanpwuknag, B 3akynoptoBaribHOMYy aBToMari
npu nepexodi Ha 3akynopeHHd Tapu iHWWM TUMOM
3aKynoproBarnbHOro 3acoby A0CTaTHbO 3aMiHUTU OCHOBHI
dyHKUiOHanbHi  MpUCTPOl Ha iHWI, SKi BignosigalTb
obpaHomy noeaHaHHA KOHCTPYKUiT Tapu i
3akynoptoBanbHoro 3acoby. [MpuHUMNOBMM Heaomnikom
Takoro nigxo4y € 3HayHi  3aTtpaTm  Yacy Ha
nepeHanarogXeHHs obnagHaHHs, WO npu3BoAUTb A0
npocToiB 06nagHaHHs i K Hacnigok diHaHCoBUX BTpaT.

Fig. 2 - Scheme of FPM for various types of bottles / Cxema "'BM 015151 pi3HUX muriie rnisiwok:
a — manufacturing of only A product type / s8upobHuuymeo minsku npodykuii muny A, b - manufacturing of only b product type /
8uUpobHUUMeo minbku npodykuii murny b, ¢ - manufacturing of A and b types at the same time / 8upobHuLymMeo odHo4acHo rnPodyKuir

CONCLUSIONS

Application of proposed methods allows to create FPM
to packing several bottle types without time expenses
for reconfiguration. This FPM allows to create different
types of products (for example, only A product type,
only B product type or A and b types at the same time)
with a capacity of 6000 bottles per hour.

muny Aib

BUCHOBKM

3acTocyBaHHS 3anpornoHOBaHOI METOAMKM [03BONUIIO
ctBoputn NBM nakyBaHHSA OeKinNbkox TUMIB MAsLWOK 6e3
BMTPAT Yacy Ha MOoro nepeHanarogxeHHs. BiH gossonse
BUrOTOBNATU 3 npoaykTueHicTio 6000 nn/roq BupoGu
pisHMX TUNiB, Hanpuknag Bupid Tuny A, abo Bupi6 Tnny b,
abo ogHouacHo Bupobu Tuny Ai b
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