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TOJIIMH JUIS Pa3IMYHBIX KOMOWHAIMI CTEKON OBbUTH
WCIIOJIb30BaHbl HamOosee A(PQeKTUBHbIE METOIUKU
pacuera [3, 4].

Ta6Jmua — PeSyJ’ILTaTLI napaME€TpHUICCKOro CHUHTE3a Jid
YETBIPEX TTOJIOYKEHU

', MM B, d MM | d ,MM LM | A, MM
70 0,389 17,19 33,35 67,16 0
90 0.444 | 41,080 24,2 91,25 0,025
110 0,498 = 5939 | 18,19 & 10944 | -0,032
160 | 0,598 84,6 7,11 130 0,099

K npumepy, paccunTaHHBIA NEPBBIM KOMIIOHEHT
Mo MeToauke [4] ¢ ONTUYECKUMH XapaKTepUCTUKAMHU:
¢dokycHoe paccrosiHue ' = 135mm, nuadparmenHoe
yucno f'/D = 3,75 obecrieunBaeT COBEPIICHHYIO KOP-
pexiuio chepudeckoil adeppalMd U KOMBI 3-TO TIO-
psimKa.
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Pucynok 2 — Cymmel 3eiifens Ui IepBoro KOMIIOHEHTa

KommbroTepHOe MOJENUPOBAHHUE TAHHOTO OOBEK-
THBa B TporpammHoii cpeae Opal mokaszasno, 4yto o0b-
eKTUB 00J1a/laeT JOIMYCTHMBIMH 3HAYEHUSMH OCEBBIX U
BHEOCEBbIX abeppanmii (20 = 4°) 1u1s Bcero nuanasoHa
n3MeHeHust oKycHoro paccTostHus (70-145mm).

OTMeTHM, 4YTO TIONydeHa OPTOCKOIHMYECKas Kop-
pexius abeppannii (BeMMYMHA OTHOCHUTEIFHOW HC-
TOPCHH BO BCEX MO3UIMAX HE MpeBbImaeT 1%).

VYcraHOBIEHO, YTO 0a30BbIC KOMIIO3HMIMH TpeX-
KOMIIOHEHTHOH CHCTEMBI ITaHKPaTHYeCKOTro OOBEKTHU-
Ba, PACCUUTAHHBIE B Auana3oHe (OKYCHBIX PaccTosi-
Huii £ = 160-70 MM NIpH OTHOCHUTEIBHOM OTBEPCTHU
D/f = 1:2, none 3penust 20 = 40°. 001aJatl0T MHHU-
MaJIbHBIMU 3HaYECHUSMH HEU3OIIaHaTH3Ma M CcQepH-
YecKkoi abeppalyu, a Takke JOMYyCTHMBIMU 3HAYEHH-
SIMH BOJIHOBOH abeppanuy U aCTUTMaTHYeCKOW pa3Ho-
CTH B CIIEKTpaJibHOM nuama3zone A = 380...680 HM.
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OOBEeKTUBBI aXpOMaTH30BaHBl TIPH 3aJaHHON CITEK-
TpanbHOU 3()(HEKTUBHOCTH.

[Monyuyenubie Qopmynbl ISl TPEXKOMIIOHEHTHON
CHCTEMBI MOKHO YCIICIITHO HCIIONB30BaTh JJIsI pacuera
KOMIO3UIMKA W3 YEThIPEX W ISATH KOMIOHEHTOB. JIst
pacuéra CIIOKHBIX CHUCTEM IEPEMEHHOTO YBEITHMYCHHS
OBUTH WCIIONB30BaHBI HEKOTOPHIE TEOPETHYECKHE I10-
JIOKEHUSI METOJ1a TAYCCOBBIX CKOOOK [5].

OO6nacTh NPUMEHEHHUS TIPEUIOKEHHONW METOANKH
MOXHO PaCIIMPHUTH HE TOJBKO IO KOJIWYECTBY KOMIIO-
HEHTOB, HO W JJIs1 OOBEKTHBOB ANCKPETHOrO THMa. B
3TOM ciydae B aJropuTMe OyayT M3MEHEHHS B 3aKO-
Hax JIBI)KEHMs KOMIIOHEHTOB, OBUIM TOJIyYeHbl HEOO-
XOIIMIMBIE JOMOJHUTENbHEIE (hopMyIIbl. PacueT oObek-
THBA C JUCKPETHBIM U3MEHEHHEM (POKYCHOTO paccTo-
SHUSL TIPEACTAaBIsIeT 3HAYMTENBHBIM WHTepec. Ha
OCHOBaHHMH{ MPEIJI0KEHHBIX (POPMYJ BBIIOIHEH pac-
4eT 00BbEKTUBA JUCKPETHOTO THIA C JECATHKPATHBIM
nepernafgoM. [IpoBeneHo rabapuTHOE MOAEIMPOBAHUE
00BEKTHBa TUCKPETHOTO THIIA C IepemagoM 10— Oa-
30BYI0 CXEMY, KOTOPYIO MOJKHO HCIIOJIb30BaTh IPU
MPOSKTHOM pacueTe oO0bekTHBa, padortaronmm B UK
00acTy WK JJ1sl APYTHX IPUMEHEHHH.
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ON THE METHODOLOGY OF SUPPORTING MAINTENANCE
DEPARTMENT WORK AT A STRATEGIC LEVEL USING MES INFORMATION SYSTEM
Patalas-Maliszewska J., Skrzeszewska M.

University of Zielona Gora, Poland

Employees within the maintenance department in a
manufacturing company, especially at the strategic lev-
el, have to use innovative methods and tools, in order to
work in accordance with the company's development
strategy. The tool, that supports the execution of busi-
ness processes at the operational level and also at the
strategic level may be the information system, namely
Manufacturing Execution System (MES).

Providing research in the area of the effective use
of the MES system in the maintenance department at
the strategic level is important due to need the compa-
ny's management regarding knowledge about the cur-
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rently state of computerization and automation of the
enterprise. The effective use of the MES system may
enable further activities in the company related to pro-
duction automation and also can be the first element of
enterprise development according with the Industry
4.0 concept.

The MES system supports the execution of pro-
duction processes and at the same time it is used to
support activities carried out in the maintenance de-
partment within the production company.

MES systems enable effective collection of data
and information in real time from production business
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processes and their transfer to other processes realised
within the enterprise. Data and information on produc-
tion can be collected directly from machines and from
employees working in the production department. The
MES system also performs functions of the Supervisory
Control and Data Acquisitions System, that can be
defined as the unified interface to production control-
lers and to autonomous industrial systems [1].

The use of selected functionalities of the MES sys-
tem by the managers of the maintenance department
enables the effective obtainment of data and infor-
mation in real time, e.g. data and information about
the realisation of the machine repairs, machine down-
time, about the current irregularities occurring during
the production process, which are particularly im-
portant for the efficiency of maintenance work in a
production enterprise. According to [2], the main
functions of the MES system are defined as:

— allocation and status of resources,

— sending products,

— data collection i acquisition,

— quality management,

— maintenance management,

— repairs management,

— results analysis,

— scheduling,

— document controlling,

— personnel management,

— process management,

— product tracking.

Among the MES systems offered for Polish manu-
facturing companies, we can distinguish among others:
Wonderware, Queris, ProSeS BDE, PSImes, BPSC or
CMMS. Each IT system supports specific activities
performed in a production company, including also
carried out in the maintenance department at the strate-
gic and also at the operational level.

The analysis of the use of the MES system at the
strategic level in the maintenance department was
carried out assuming that the defined activities are
carried out by the head of the maintenance department
within eight hours of work. The head of the mainte-
nance department supervises the work of 13 employ-
ees who serve 380 machines throughout the produc-
tion enterprise. Production is carried out in the com-
pany in two-shift mode.

For analysis of the use of the MES system by em-
ployees at the strategic level in the maintenance de-
partment in the Polish manufacturing company of the
automotive industry, the specific activities are defined
which are performed using the MES system.

The partly activities are:

— order management,

— reporting the demand for external service,

— planning downtime,

— monitoring/tracking schedule/production plan-

— identification of bottlenecks on each device,

— review of technical documentation,

— conducting on-line/video training,

— reporting of readiness for work of repaired (af-
ter overhaul) devices/machines,
training planning,

— monitoring of trainings,

— human resources planning,

— creating procedures,

— reporting/signaling improvement solutions (e.g.
modernization, improvement of devices),

— reporting/signaling solutions to improve work
(e.g. information flow),

— implementing improvement solutions
modernization, improvement of devices),

— implementing solutions that improve work (e.g.
information flow),

— monitoring of technical tests of equipment /
machines,

— monitoring MTTR indicator (Mean Time To
Repair), MTTR = failure time/number of corrective
events (min),

— monitoring MTTF indicator (Mean Time to
Failures), MTTF = (available working time — failure
time)/number of events (min),

— monitoring MTBF indicator (Mean Time Be-
tween Failure), MTBF = MTTR + MTTF.

— analysis of the availability of the device,

— analysis of costs in the maintenance department,

— archiving data.

The completely activities are:

— tracking the status of devices in real time,

— checking the availability of parts in the ware-
house,

— reporting the demand for parts/consumables,

— recording of withdrawal of equipment / ma-
chines from service,

— generating reports for machines or devices,

— signalling equipment/machine downtime,

— signalling/informing about the readiness of
equipment/machines/production line.

The use of the MES system in the maintenance de-
partment mainly supports only partly the work at the
strategic level. Activities that are fully performed using
the MES system are 24.14% of all activities carried out
by employees at the strategic level in the maintenance
department within 8 hours of daily work (Fig. 1).

Activities performed in the maintenance department
at the strategic level using completely the MES infor-
mation system within 8 hours of work mainly concern
tracking the production schedule and order manage-
ment. When analyzing the time that takes up activities
performed in the maintenance department using com-
pletely the MES information system, it can be conclud-
ed that almost 60% i.e. about 5 hours of work, is sup-
ported by information technology. This means that the
information system actually supports activities at the
strategic level in the maintenance department (Fig. 2),
which are performed during a given working day.

(e.g.
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Figure 1 — Activities performed in the maintenance
department at the strategic level using the MES
information system within 8 hours of work
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Figure 2 — The time of activities performed in the
maintenance department at the strategic level using the MES
information system within 8 hours of work

Knowing that the effective use of the MES infor-
mation system can enable automation of production
according with the Industry 4.0 concept, research was
also conducted on the use of the MES information
system at the strategic level during a given work
month and during a given year. In a given month/year,
the maintenance department manager performs also
activities that are not supported by the MES system:

—entering the records on the inspection of equip-
ment/ machines,

—entering  the
devices/machines,

—registering parts/consumables for equipment/
machines,

—monitoring repair of equipment/machines,

—recording/making a selection from the list of ac-
tions performed,

—entering the write-up for devices/machines,

—simulation of retooling devices, machines/ pro-
duction lines,

—informing about failure/blockade,

—notification by SMS or E-mail about a planned
preventive maintenance, repair,

— generating a manual alarm on failure,

— generating an alarm automatically about a failure,

—notification by SMS / E-mail about a failure,

—running a repair calendar,

—access from console to the desktop of another level,

—monitoring OEE indicator (Overall Equipment
Effectiveness),

—recording accidents by work.

Figs. 3 and 4 present the results of the analysis of
the use of the MES information system during the
month and during the year in the maintenance depart-
ment at the strategic level.

records of  testing/tuning
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Figure 3 — The activities performed in the maintenance
department at the strategic level during the month
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Figure 4 — The activities performed in the maintenance
department at the strategic level during the year

Analyzing the activities performed in the mainte-
nance department at the strategic level within a month,
it can be noticed that the majority of activities of about
50% are partly supported by the MES system, while
the fully supported works by the system is only
13.05%, and works performed completely without
system support, up to 41.3%.

However, analyzing, activities carried out also at
the strategic level, but during the year, there is a de-
crease the efficiency of the MES system application -
it is only 2.17% of operations performed entirely using
the system, still partially supported by the system is at
the 50% limit, while activities performed without the
help of the system is 47.83%.

Based on the research carried out in the mainte-
nance department related to the use of the MES infor-
mation system at the strategic level, it was found that
still only a few activities performed by the manager
during the year are supported by information technol-
ogy. These are activities related to planning and
scheduling human resources. The results of the analy-
sis, which concern everyday activities, have shown the
efficiency of using the MES system (Figs 1 and 2), but
these are not the key activities at the strategic level of
the maintenance department manager. Knowing that
the maintenance department supports 380 machines in
a production company and that work related to real-
time device/machine status tracking during the year
are among the most important activities at the strategic
level and are not supported by the information system,
it was found that the production company presented is
unfortunately not prepared to implement the concept
of industry 4.0. The concept of industry 4.0 assumes
the implementation of IT-assisted relationships be-
tween employees, objects and systems through the
exchange of data and information in real time [3, 4].
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In order to be able to implement the objectives of
the Industry 4.0 concept, manufacturing companies
should make investments in IT technologies support-
ing the execution of processes (activities), because IT
systems are the basis for further investments in smart
technologies. The transition to “level 4.0” also re-
quires large investments in supplementing the
knowledge of managers and engineers to implement
and use the IT technologies supporting production
processes.
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IT'PAJUEHTHO-OIITUYECKHUE JbIMOMEPBI
Busenuun b.B., Ilonos B.K., lllaponos I'.B.

Hnemumym npuxnaoueix uszuueckux npoonem um. A.H. Cesuenxo BI'Y, Munck, Pecnybauxa benapyce

3arpsi3HEHHE BO3AYIIHON Cpedbl Ta30BBIMH BEIOPO-
CaM{ TPOMBIIUICHHBIX NPEINPHATHA U TPAHCIIOPTHBIX
CPEe/CTB IOCTOSHHO YBEIHYMBAaeTCsI. B cBA3M C 3TUM
BEChbMa aKTyaJibHa Mpo0JieMa OMEePaTHBHOTO KOHTPOJIS
KOHIICHTPAITUK Ta30BBIX BBHIOPOCcOB. Co3maHME HAICK-
HBIX METOJIOB U CPEJICTB 3KCIIPECC-KOHTPOJS Ta30BBIX
3arpsA3HCHUH SBISCTCS OJJHOM W3 MPOOJIEM COBPEMEHHO-
TO Ta30aHaJUTHYECKOro TpubdopocTpoeHus. OCHOBHEI-
MH BOIIPOCaMH HETPEPHIBHOTO AKCIPECCHOTO aHAIIN3a
TApaMETPOB CIOKHBIX TA30BBIX CHCTEM SIBIIAIOTCS OTIpe-
JICJIEHUE JIOKAJIbHBIX KOHLIEHTPAlMi U TOJIEH KOHLIEH-
TpaIii JBIDKYIIUXCS Cpel, M OAHOBPEMEHHOE OIperie-
JIEHHE KOHLIEHTPALi ¥ CKOPOCTEN IIOTOKOB.

lNazoanamuTrveckue CpencTBa pa3BHBAIOTCS B JBYX
BapHaHTaX: MPOMBIILUIEHHOM U JlabopaTopHoMm. Jlabopa-
TOPHBIC CPEIICTBA aHATM3a XapaKTePU3YIOTCs 00Jiee BbI-
COKOM YyBCTBHUTEIFHOCTBIO U MPEIIC3HOHHOCTHIO B CHITY
YCIIOBUI MX 3KCIUTyaTallidl W NpeaHasHaueHus. [Ipous-
BOJICTBEHHEIC CPEIICTBA JTOJDKHBI 00ECIICUNBAThH HETIpe-
PBIBHBIN U aBTOMATHUYECCKUIN aHAIN3 ra3000pa3HBIX Cpel
B YCIIOBUSIX JUTUTEITHHOW 3KCIUTyaTallid B 3KCTPEMaib-
HBIX 3aBOJICKUX M KIIMMATHIECKUX YCIOBHUSX.

KonuyecTBeHHBII M KAaueCTBEHHBIM KOHTPOJb YyKa-
3aHHBIX cpel B OOJBIIMHCTBE CIyYaeB OCYIIIECTBILIETCS C
TIOMOIIIBIO JIOKAJIFBHOTO Ta30BOT0 aHaNW3a, KOTOPHIH, B
CBOIO OYepe/ib, Pa3AeISIOT Ha JBE TPYIIIHI METOIOB: KOH-
TakTHBIE U OeckOHTaKkTHbIE. K mepBbIM OTHOCATCS Mexa-
HUYECKHUE, TETUIOBBIC, MATHUTHBIC | JIP., KOTOPBIC TPeOy-
IOT KOHTAaKTa 30HIUPYIOIIETO 3JEMEHTa C HCCICTyeMOon
cpernoii. Ko BTOpBIM OTHOCSITCSI T€, KOTOpBIC HYXKHYIO
UH(POPMAIHIO TIOTYYAIOT IyTEeM B3aUMOJCHCTBUS AIICK-
TPOMArHUTHOTO U3ITyYEHHs C Ta30BOI cpemoil. B wacTHO-
CTH, TI0 TIOTJIOIICHUIO YIIETPA(HOIICTOBOTO, BUAUMOTO U
HHPPAKPACHOTO M3ITYUCHHS.

JInst TOKanbHOTO aHaIM3a JBIMOBBIX, IMBUIEBBIX H
MOOOHBIX UM a3POIMCIIEPCHBIX TTOTOKOB HAMOOIBIIIEe
pacmpocTpaHeHHe MOMYYIIN JABa MeToaa: (IIBTPOBa-
HUS M [IPOCBEYMBaHMSA. MeToa (QUIBTPOBAHUS 3aKIIIO-
4aeTcs B OCAKACHUH Ha (PUIBTPE ITyTEM INPOITyCKAHUS
gyepe3 HEro MCCIeIyeMOro MOTOKAa YacTUYeK MBUIA U

CakH C MOCIEAYIOINM M3MEPEHUEM CTETIEHH YEPHOTHI
¢unpTpa onTHieckuM criocobom. Ilo TakoMy npHuHIHU-
my paboraroT, Hampumep, IeiMomeps! «boun (I'epma-
nust), «®@on bpanny (CIIA), AVL (Asctpust). OnHako
STOT METOJ| HE SIBISIETCS] HKCIPECCHBIM M JI0CTATOYHO
CJIOKEH B M3MEPEHHSX.

Merox mnpocBeuMBaHHS OCHOBAaH Ha W3MEPEHHH
ocitabieHns1 MHTEHCHBHOCTH CBETOBOTO ITy4Ka IPH IIPO-
XOXK/ICHHH €T0 Yepe3 TUarHOCTHPYeMbIi moTok. [1om106-
HBII METOJI peam30BaH B ApIMoMepax «Bomso» (I1IBe-
), «YTak» (Opannus), «XapTpumk» (AHTIIHA).

Crioco0 3KCTIPECCHBIN, OTHOCUTEIBHO TPOCT B pea-
JIM3aIMM, HO OCHOBHOM €ro HEeJOCTAaTOK — 3arpsi3HEHHE
ONTUYECKHUX DJIEMEHTOB M3MEPUTEIBHOIO TPaKTa a’3po-
30JIbHBIMH YaCTHULIAMHU — TPYIHO MPEOIONUM.

WzyuyeHne u aHanM3 MHPOBOTO OIBITa pa3pabOTKU
METOJIOB ¥ CPEJICTB MUCCIIEOBAHHSI TOKCUYHBIX KOMIIO-
HEHTOB U JABIMHOCTH TIa3000pa3HbIX Cpel BBISBUIIN
CIIEAYIONINE OCHOBHBIE TEHJICHIMH DPa3BUTHS JaHHOW
TPYIIIBI TPHOOPOB:

— TIOBBIIICHHE METPOJIOTHYECKUX XapaKTEPUCTHUK
IprOOpPOB;

— co3gaHne TONM(YHKIMOHATBHBIX MHOTOIapa-
METPHUYECKHX TPHOOPOB, OCHOBAHHBIX HAa MOJYJIBHO-
0JI0YHOM IPHHIIMIIE TIOCTPOCHHS;

— TpUMEHEHHE CPEJCTB MHKPOJICKTPOHUKH, BBI-
YHUCIUTENBHON TEXHUKH, IIPOrPAMMHOIO 00ECTICUCHHS;

— YMEHBIICHHUE MaccOra0apuTHBIX XapaKTEePUCTHK
co3/1aBaeMbIX TIpHOOPOB.

CyIIeCTBEHHOTO0 MOBBIIEHUS METPOJIOTHUECKOH
Ha/IS)KHOCTH Ta30aHAIUTHYECKUX H3MEPEHHH MOXKHO
JIOCTHYb, B35IB 32 OCHOBY ONTHYECKHE METObI, 00Ja-
JIAIOIIME€ BHICOKOH YYBCTBHUTEILHOCTBIO M CEIEKTHBHO-
CTBIO. DTO 00YCIIOBIICHO M TEM, YTO ONTHYECKUE TIPUH-
LUIBl U3MEPEHHs MO3BOJISIOT PEATN30BBIBATH IIOJHO-
CTBIO OC3MHTPY3WBHBIA aHamm3 ra3oBeix cpen. C
MOMOIIBIO MPEAJIOKEHHBIX METOJOB yJalOCh 3HAYM-
TEJIbHO TOBBICUTH TOYHOCTh M3MEPEHHUH B YCJIOBHAX C
OTPaHUYCHHBIMU NTPOCTPAHCTBEHHBIMH BO3MOKHOCTSIMU
pasMCIICHUS U3MEPUTCIIBHBIX yCT’pOﬁCTB OTHOCHUTCJIbHO
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