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Abstract: One of the problems of automated
technological complex (TC) exploitation is low
efficiency of basic equipment usage because of its
downtimes in the course of restoring its capacity.

To identify ways to improve the reliability of
packaging machines have been performed
operational research. Studies of existing machines
have shown that components that provide the
possibility of automatic operation, a large share of
failures and disaster recovery time. The results
presented by the example of the machine for
packaging milk in plastic bags allowed to identify
ways to improve its reliability when working in
existing and newly projected automated lines.
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INTRODUCTION

As time has shown, one of the problems of
automated technological complex (TC) exploitation is
low efficiency of basic equipment usage because of
its downtimes in the course of restoring its capacity.
There is a number of works where different strategies
of TC maintenance are analyzed. Approaches that let
us calculate optimal terms of TC maintenance
according to availability criterion are known. This
approach is plausible to use for TC, subsystems of
which are similar in reliability. All subsystems that
belong to a TC should be maintained at the equal
time intervals. It should correspond to the optimal
term of maintenance of the most unreliable
subsystem. If a TC consists of subsystems which are
completely different in reliability, then maintenance
within equal time intervals will not allow to efficiently
use the reliability potential of other more reliable
subsystems.

PROBLEM STATEMENT

For us to efficiently use technological automation
within  TC and functionality modules within
technological automation, optimal terms of technical
TC components maintenance should be set. Due to
this research on their componential reliability is
conducted. Since technological system includes a set
of technical components, that are related to and
connected with one another, and form a certain unity,
the results of componential reliability analysis are
used to determine reliability of technical pieces of a
higher level (mechanism, subsystem, machine).

THE MAIN ARTICLE
The methodology was realized on the example of
TC componential reliability analysis for milk

AHomauist. OdHiero 3 npobnem ekcrinyamauii
asmomamu3ogaHux mexHonoeiyHux komrnekcie (TK) €
HesuCOKa eeKmusHicmb BUKOPUCMAaHHS OCHOBHO20
obnadHaHHs 4epe3 (oe2o0 npocmoi npu 8iOHOBEHHI
npaye3damHocmi.

[ns eusHayeHHsT  wisxie  nidsuweHHss  HaditiHocmi
nakyeasnbHUX MawuH, Oynu 6uKoHaHi ekcryamauitHi
OocridxeHHs. [JocnioxxeHHs Oiroyux asmomamie riokasarsu,
wo Ha ey3nu, wo 3abesrneyylomb  MOXUICMb
asmomamuyHoi pobomu, npunadae 3HayHa 4Yacmka
8iOMo8 i 4Yacy eiOHo8eHHs1 npauesdamHocmi. BuknadeHi
pesynbmamu Ha rnpuknadi asmomama Ons yrnakosku
MoOsioka 8 roniMepHi nakemu 003807UMU  8U3HAYUMU
wsxu  nidsuweHHs tozo HadilHocmi npu pobomi e
diroyux i 3HOBY MPOEKMIpyeMux agmoMamu308aHUX TiHIsX.

Knroyoei cnoea: mexHoroziyHi Komrinekcu, HaoliliHicms,
06’eKMHO-0OpieHMo8aHe NPoeKMmMys8aHHs

BCTYN

Ak nokadye Oocsig, ofHielo 3 npobnem ekcnnyaTtadii
aBToOMaTM30BaHMX TexHomnoriyHux komnnekcie  (TK) €
HeBMCOKa  €QEKTUBHICTb  BWUKOPUCTAHHA  OCHOBHOIO
obnagHaHHA 4Yepe3 MOro MpocToi MNpu  BiAHOBEHHI
npauesgaTHocTi. IcHye pag po6iT, B Skux po3rnsaarTbes
pisHi cTtparterii obcnyroByBaHHa TK. Bigomi nigxoawn, wo
[O3BOMNATL 0buMCMOBaTU ONTUManbHi 33  KpUTEpieEM
rOTOBHOCTI nepiogn TexHiyHoro obcnyroByBaHHs TK. Llen
nigxig gouineHo 3actocoByBath anst TK, nigcuctemu sikoro
Onmsbki no HaginHocTi. Mpyn uboMy BCi nigcMcTtemu, LWO
BxogAaTb B cknag TK, noBuHHI obcnyroByBatucs 3
O[IHaKOBOO MepioAMYHICTIO, Lo BianoBigae onTManbHOMY
nepiogy o6cnyroByBaHHs HanbinbL HeHaainHol
nigcuctemun. Akwo x TK cknagaetbcs 3 nigcucrtem, WO
iCTOTHO BiAPI3HAIOTLCA NO HaAINHOCTI, TO 06CNyroByBaHHS
iX 3 OOHAKOBOK  MEPIOAMYHICTIO He  [O03BOMUTL
pauioHanbHO BWKOPUCTOBYBATW HaAiMHICHMA NOTeHuian
iHLIKX, OiNbLL HAAINHUX NigcUcTeM.

NMOCTAHOBKA NMPOBJNTIEMU

Ona  3abe3neyeHHs1 edeKTUBHOrO  BUKOPUCTAHHS
TEeXHOroriYyHmMx aBTomartie B cknagi TK Ta dyHKUioHanbHUX
MOAYNiB y CKNaji TEeXHOMOoriYHoro aBToOMaty, HeoOXiaHo
BM3HAUYUTN OMTUMarbHi TEPMiHM OBCHYroByBaHHsI TEXHiy-
HUX komnoHeHT TK. [nsa uboro npoBoAATb AOCHIMKEHHS iX
KOMMOHEHTHOI HaginHocTi. OCKifNlbkM TEXHONOrYHa cucTe-
Ma, K BiAOMO, BKMYae B cebe CyKYMHICTb TEeXHIYHUX
KOMMOHEHT, L0 3HaxOoA4ATbCS Y BiAHOCMHAX i 3B'A3kax OA4MH
3 OQHMM, YTBOPIOKOYM MEBHY UinicHICTb i eagHicTb TK, TO
pe3ynbTat  AOCRIOXEHHS  KOMMOHEHTHOI  HaAinHOCTI
BUKOPUCTOBYIOTb AN BU3HAYEHHSI HAQIMHOCTI TeXHiYHUX
3aco6iB Oinbll BUCOKOrO iepapxiyHOro piBHS (MexaHi3m,
NigCUCTEM, MaLUMH TOLLIO).

OCHOBHWW TEKCT CTATTI
MeToouka peanisoBaHa Ha npuknagi  adanisy
KOMMOHEHTHOI HaginHocTi TK Ha 6asi aBTomata Aans
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packaging machine that works with AO-111 packets.
Functional elements of this system are: a piston
batcher, a device for milk pouring, a mechanism of
lengthwise packet welding, a mechanism of
crosswise welding with package cutting and further
arm moving, a conveyer for shipping of full packets, a
conveyer for shipping boxes.

ynakoBku mornoka B naketn mogeni AO-111. ®yHkuioHanb-
HUMKU enemMeHTamu Liei CUCTeMu €: NOpLUHEeBUA [03aTop,
NPUCTOCYBaHHS AN BBEAEHHSA MOSlOKa B MakeT, pykaBo-
yTBOPIOBaY, MexaHi3M NO340BXHbOro 3BaploBaHHA NakeTy,
MeXxaHi3M nonepeyYHoro 3saptoBaHHs 3 BigpisaHHAM nakeTa
i NpoOTAryBaHHAM pyKaBa Ha KpOK, TpaHcrnopTep Ans
BiABOAY 3anOBHEHWX NakeTiB i TpaHcnopTep Ans BigBoay
ALLNKIB.
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Fig. 1 — Technological scheme of AO-111 machine / TexHonoziyHa cxema asmomama AO-111

The time study of machine functioning and off-
time has shown some typical failures:

* knocks of the crosswise welding mechanism
against the upper bearing

* mechanisms’ clattering

« excessive diffusion of product dose

* low quality of lengthwise welding

* low quality of crosswise welding

+ a film fold in crosswise welding, poor mobility of
film on arm component.

The duration of failure-free functioning and failure
removal has been noted (table 1).

MpoBegeHun XpoHOMeTpax poboTn i  MpocToiB
aBTOMaTa NnokasaB HasiBHICTb TUMOBUX BiAMOB, a CaMe:

* Yaapu wMexaHi3my nonepeyHoi 3BaploBaHHS npo
BEPXHIO OMopy.

* CUNbHWI CTYKIT MexaHi3miB.

» HagmipHe po3scitoBaHHSA 4031 NPOAYKTY.

* HesikicHUIM NO340BXHI LLOB.

* HesikicHuiA nonepeyHnii LWos.

+ Cknagka nniBkA 3 MOMEPEYHUM  LUBOM,
NpOTSAryBaHHs NMiBKM Ha pykaBoobpasoBaTerne.

Tpueanictb nepioais 6e3sigMoBHOT po60TH, TPMBANICTbL
X yCyHeHHs1 TouHO dbikcyBanucs (Tabn. 1).

noraHe

Table 1

Time of failure-free functioning of AO-111 machine and its mechanisms (extract) / lepiodu 6e3eiomMoeHOi po6omu
asmomamy AO-111 ma liozo mMexaHi3mie (ppazmeHm)

< Mechanism of the machine that failed
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5 147 416 32 °

6 175 591 10 °
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For automated analysis and retrieving of the

results received, software “Safety” was developed.

Principles of object-orienting projecting are used
while entering data. In this case the objects are the
main nodes and mechanisms of the machine that
form its hierarchical structure (Fig. 2). Relations
between objects are established and they show
structural

interdependence between the
components of the machine.

[ns aBTOMaTM30BaHOro aHanisy Ta o6pobku pesynb-
TaTiB OTpUMaHMX gaHux, 6yna pospobneHa koMmn’toTepHa
nporpama «Safety».

BeBeneHHs paHux B nporpamy BiabyBaeTbcs 3 BU-
KOPUCTaHHAM MPUHUMMIB 00’EKTHO-OPIEHTOBAHOIO NPOEK-
TyBaHHs. O6’ekTamu B [JaHOMy BuUMagKy BUCTynawTb
OCHOBHi BY3N1 Ta MeXaHi3MuU MalnHu, Wo HopMyoTh il
iepapxiuHy cTpykTypy (puc. 2). Mix o6’ektamn BCTaHOB-
NIOKTLCA 3B’A3KM, LLO NOKa3yHTb B3AaEMO3ANEXHICTb MiX
CTPYKTYPHUMU eNeMeHTaMn MaLLWHW.

ol Safety - x
Dann | MNapametpn | OBpaxyHkn
| Crpyktypa
Bessigmoena poBoTa
W&l Crpyxrypa - b X
AsTomat AD-111
MexaHizm Ooszatop Mesanizm Mexarizm MHesMockcTema
No3A0EXHE0rD MpOTArYEEHHA POpMYEEHHA
SEAPHEAHHA pykaea i pyKaEa

nonepedHoro

L SEEPHEEHHA

Fig. 2 — Window of hierarchical structure forming in Safety / BikHo cbopMyBaHHS iepapXi4HOi CTPYKTYpY MaLUVHW B Nporpami

The next step in data unput is creating a
cyclogram on the basis of noted times of failure-free
machine functioning (Fig. 3). Besides, for every
period of cyclogram extra data is added which shows
which node or mechanism failed and the time used to
restore its functioning (Fig. 4).

= Safety - 0 x

Dain | Mapamerpn | Opayreas
Crpyetypa
Bexaiamonna pobora

oy NMeploan Berammoenc polotw

PACCN TOMD -

=D

Safety

HacTynHum eTanom BBeAeHHS AaHWX B nporpamy €
nobynosa LpKnorpamu Ha OCHOBi  OTPMMaHUX
3acpikcoBaHnx nepiogis 6e3BiaMOBHOI poboTn aBTOMaTa
(pnc. 3). Kpim TOro, Ans KOXHOro 3 nepioAiB LMKNorpamm
BHOCSTbCSl 40AATKOBI [aHi, O NOKa3ykoTb, SIKUIA 3 BY3NiB
Yn MexaHiaMiB  BiOJMOBMB Ta 4ac, 3aTpayeHun Ha
BigHOBMOBanbHi poboTu (puc 4).

JoaCedIne

Fig. 3 — Window of creating a cyclogram in Safety with periods of failure-free machine functioning / BikHo mobydosu yuknozpamu
nepiodie 6e3s8idmosHoi pobomu 6 npozpami Safety
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Byson

oY Jogatw nepiog GessigMoBHol., — O >

|Mea-E|Hi3M MPOTArYEaHHA PYKEEE | MONSpeYHoro SEapE |

HanpavwrweanHa Ha BigMoBy, XB |128 |

TpWEENICTE BiQHOENEHHA, XE |1E |

Oopam

Fig. 4 — Adding parameters in cyclogram’s periods / 3adaHHs1 do0amkosux napamempis nepiodie yukmnoepamu

On the basis of failure-free machine functioning
sequences the reliability of technological automated
machine is calculated.

On the first stage the time is divided into intervals
(fig. 5) and the diagram of failure-free functioning
division is created (fig. 6).

Ha 6a3i nocnigoBHOCTI nepioais 6e3BigMoBHOT poboTH
aBTomara npoBOAATLCA 06paxyHk1 HagiviHoCTi
KOMMOHEHTIB TEXHOMOrYHOro aBTomara.

Ha nepwomy etani BigbyBaeTbCcs po3nogin 3a
iHTepBanamu (puc. 5) Ta Byayetbcs giarpama posnoginy
TpuBanocTtel 6e3BigmMmoBHOi poboTn (puc. 6).

a5l OBpaxyHin - m} >

Fosnogin Geseigmostol pofo™  Posnogin BifHoBMOEANEHIC: pofiT | XapaxkeTpucTikn HagidnocTi  [jarpama posnoginy  PyHeuil HagifHocT

IHTepsan 1 lHTepsan 2 lHTepean 3 lHTepean 4 lHTepean & IHTepean & IHTepean 7 IHTepean &

b .I'v'lexj EEZ-BJI B4 -96 96-128 128- 160 160-152 192-224 224256
iHTepEany

Cepenria 16 43 a0 112 144 176 208 240
iHTEpEaMY

KinprdicTe 4 4 & g 5 1 1 2
EMN3axIE
Cramcmiuna
PyHKLIR 0.886 0.771 0.600 0.371 0.229 0.143 0114 0.057
HagifHocT
Apryment
MMOBIRRIGHO! 0,272 0,544 0,815 1,087 1,359 1,631 1,903 2175
yHILY
HamiAHoCT
ImoBipHicHa

*  QyHKUA 0,765 0,585 0447 0,342 0.262 0.200 0,153 0,117
HamiiHocT

Fig. 5 — Division of failure-free machine functioning into intervals in Safety / Po3rnodin nepiodie 6e38iomosHoi pobomu 3a
iHmepesanamu 6 npozpami Safety

as O6paxyrin - O *

Poznogin GeseigmoBHol poSom  Posnogin BigHOBNOEANEHIK poGiT  XapaKeTpMCTHKK HagiiHocT

Niarpama posnogimy T Gessiy

0
16 48 80 112 124 176 208 240 272 304

Fig. 6 — Diagram of failure-free maching functioning division in Safety / Hiazpama po3nodiny mpusanocmet 6€38i0MO8HOI
pobomu e npozpami Safety
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For this the application selects a basic value,
which somewhat exceeds the maximum value of time
of failure-free functioning, and it is divided into 10
intervals.

Duration of failure-free machine functioning is
calculated:

[ns uboro nporpama obupae 6a3oBe 3HaAYEHHsI, sike
Oelo nepeBulLlye MakcumanbHe 3Ha4YeHHsl TpPWBanocTi
6e3BigmoBHOT poboTH, ake noainaeTbca Ha 10 iHTepBanis.

O6paxoByeTbca  TpuBanicte 6e3BigMOBHOI  poboTU
aBToMarTa:

1 n
mcp :WEANi 'til

n — number of intervals in diagram,

ANi — number of falling into i-interval,

ti — the middle of i-interval,

N — total number of periods of failure-free

n
functioning, is equal: N =3 N; .

i=1

Further the function reliability is built. Probability

that after the fix the machine will function again is
considered 1. Then statistical probability that after
switching on the machine will work longer than i-
interval is:

N - YACcno iHTepBanis Agiarpamu,
AN;i - yicno BuNagkiB NOTpaNnsHHS B i-uiA iHTepBarn,
ti - cepeauHa i-ro iHTepBany,
N - 3aranbHa KinbkicTb nepioaiB 6e3BiAMOBHOI poboTy,
n
pisva: N =X N, .
1=
Oani Oygyetbca  dyHKUiA HagiHOCTI  aBTOMaTa.
IMOBIpHICTb TOrO, WO aBTOMaT MICMA YCYHEHHS BiAMOBM
nepenge y npauesgaTHuUiA CTaH, NPUAMAaETbCA PiBHOW 1.
Toai cTraTMCTMYHA WMOBIPHICTL TOro, WO aBToMar
nponpautoe nicns BkNOYEeHHS Oinblie i-ro iHTepsany
cknape:

1 ‘
Pi)=—|N-S"AN. |
(i) N JZ:; i

Probabilistic function of reliability is given:

Takox NpMBOANTLCA MMOBIPHICHA PYHKLiS HAAINHOCTI
3a BUpa3oMm:
t t

Pt)y=e% = e m_g 1184

Using the data received a graph of statistical and
probabilistic function of reliability is built (fig. 7)

3a oTpumaHumu  pganmmn  Bygyetbes  rpadik
CTaTUCTUYHOI Ta MMOBIPHICHOI dyHKLUIT HaginHocTi (puc. 7)

o5l OBpanyHkn

Posnogin Gessigmoenol pofomi  Posnogin sipHoentosansHx pobit - XapakeTpucTikn HagitiHocTi  [jarpama posnoginy

- O X

CraTrcTiuna Ta AiMosipHicHa QyHKLIT HamAHOCTI

0 T

——

1 51 10

151 201 251 301

Fig. 7 — Graph of statistical (1) and probabilistic (2) reliability functions of Safety / padik cTaTncTuuHoi (1) Ta MMOBIpHICHOI (2)
dYHKLI HagiHOCTI aBToMaTa B nporpami Safety

Repairability and availability coefficients of the
machine are calculated in the same way (Fig. 8).

AHarmnoriyHo pO3pPaxoBYHTbLCA TMOKA3HMKN PEMOHTO-
npugaTHOCTi aBToMata Ta  KoediuieHT  rOTOBHOCTI
aBToMara (puc. 8).
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D T T T T
1 51 101 151

mt=119.3 mv=20,0 Kg=0.857

Fig. 8 — Calculation of indexes of average failure-free functioning, average time to restore functioning and coefficient of machine
readiness in Safety / ObpaxyHok noka3Hukie cepedHboi mpusanocmi 6e3gidMosHoi pobomu, cepedHbOIi mpusanocmi
8i0HOBMEHHS nMpaye3damHocmi ma KoegiujieHma 2omosHocmi aemomama 8 rpoepami Safety

On the second stage reliability of machine’s Ha pgpyromy etani BigbyBaeTbCcs aHania HaginHOCTI
mechanisms is analyzed. For this periods of failure- MexaHiamiB aBTomMaTta. [Ansa uporo 3a BXiAHUMU OaHUMK
free functioning and time to restore functioning for BM3Ha4aloTbcA nepioan 6e3sigMoBHOT poboTu i TpuBanocTi
each machine’s component is calculated according to BiQHOBMEHHS Mpaue3aaTHOCTI ANs KOXHOro 3 MexaHi3miB
input data. aBTomara. Po3paxoByeTbCs cepefHin Yac HanpauloBaHHS

Average time of failure and average time to repair Ta cepefHsi TPMBariCTb BiAHOBNEHHS KOXHOrO MexaHiamy,
each mechanism are calculated, as well as intensity a TaKoX IHTEHCUBHOCTI iX BiAMOB, BIiOHOBMNEHHS Ta
of their failure, repair and coefficient of availability KoedpiuieHT rotoBHoCTi (puc. 9).

(fig. 9). [na pospaxyHKy koediuieHTiB FOTOBHOCTI MeXxaHi3miB

To calculate coefficients of machine availability aBTOMaTa BMKOPUCTOBYETbLCHA chopMyna:
the following formula is used:

K = _ Mmi
m +msi

mmi — average time of failure of i-mechanism Mmi — CEPEeAHIN Yac HanpautoBaHHS i-ro MexaHiamy

Mei — average time needed to repair i-mechanism Mei — CEPEAHA TPUBANICTb BiAHOBMNEHHS i-r0 MexaHiamy
o OBpaxyHKm - O *

Posnogin GessigmosHol pofioTw  Posnogin sigHoBmoBansHws poBit  #8PaKeTpUcTUkM HagitHocT | [iarpama posnoginy  PyHKwi HagifHocTi

TpweanicTs hi i
EiOHOENEHHA mti 103 mvi 103 kai
NpauUgsAaTHOCT, XB
MezaHizm
NOSA0BNHEOrD - 1020-148-303-598-127 |26-18-9-8-11-20-12-17-23-13-19-16 |3555 |28 16,0 62,50 0,957
ZEEPHEAHHA
Dosatop 30-20-55-32-18 28324 120 3.0 1226 0,564
MexaHizm
MPOTArYBSHHRA
PyKaBa | 7- 38 15-32-31-38-15-21-35-18 45 |19 256 35,06 0553
NonNepeyHoro
3E3PIOEAHHA
MezaHizm
OPMYBEHHA 10-12-8-37-14 7140 |140 16,2 B1.73 0578
pyKasa
MHeemocucTenma 0-16-6-14-14 7658 1.3 16,0 62,50 0,980
. —

Fig. 9 — Calculation of machine’s mechanisms reliability characteristics in Safety / PospaxyHok xapakmepucmuk HadiliHocmi
MexaHismie asmomama 8 npoepami Safety

Using the data received, the software calculates BukopucToytoun OTpUMaHi naHi, nporpama
the coefficient of machine’s availability or its separate po3paxoBye KOeqilieHT TrOTOBHOCTIi aBTomaTa, abo
selected structural components (mechanisms): OKpeMuX  BUOpaHMX WOr0  CTPYKTYPHUX  €NIEMEeHTIB

(MexaHisHiB):
1
Kp=———F
01
1+ = -1
i \Kri

The results of machine’s mechanisms reliability PesynbTaT aHanisy HaginHOCTI MexaHiaMiB aBTomara,

can be viewed on previously created graph (Fig. 10). MOXHa MEepernsiHyTM Ha paHille CTBOPEHIN CTPYKTYPHIN

cxemi (puc. 10).
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a5l Crpyxrypa - b X
AeTomaT AD-111
MezxzHism HozaTop MexaHism Mezxanizm MHeemocucTeMa
M3 A0EXHE0r0 MpOTArYEaHHA DOpMYBaHHA
SE3pHEaHHRA pyKasa i pyKaEa
MonepeYHoro
SEAPHBEHHA

Fig. 10. Results of machine’s reliability analysis in Safety / Peaynsmamu aHanisy HadiliHocmi asmomama e npozpami Safety

CONCLUSIONS

The methodology above can be used in scientific
research and exploitation practice to determine the
optimal terms of technical maintenance that provide
the highest coefficient of TC availability. This goal is
reached by realization of mathematical model that
helps select the program of system maintenance. It
provides optimal frequency in maintenance of each of
subsystems and of the system as a whole.
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