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INDICATORS OF MULTI-NOMENCLATURE MACHINE-BUILDING ENTERPRISES

Abstract. One of the main tasks of technical re-equipment of the enterprise is to ensure
compliance of technical capabilities of the created production system of the enterprise with the
requirements of technological processes for manufacturing the products of the specified
nomenclature and quantity of technological equipment with the requirements of the specified
program of product output. Technological solutions, formed within the framework of technical
re-equipment, include decisions on the determination of types of additionally acquired
technological equipment and calculation of their quantity. It should be taken into account that
since in most cases the equipment is very expensive, the exact calculation of the equipment to be
purchased is one of the key performance indicators of the entire enterprise. One of the possible
ways contributing to the solution of the problem of increasing productivity is the calculation of
the production cycle for the manufacture of parts of a given program in the current production
system based on the analysis of temporal relationships. In connection with the above, the actual
task is to analyze the temporal relationships of the production process, identify unproductive
time losses in the manufacture of parts, and develop recommendations for reducing the time of
the production cycle and, as a consequence, increasing productivity in the manufacture of parts.
To assess the manufacturing process of parts according to productivity indicators in the multi-
nomenclature production, automated systems of different classes are used, which allow
calculating the labor intensity, machine capacity, and duration of the technological cycle. To
solve these problems CAD TPP mainly uses the analytical-calculative method. The most
common software and methodological complexes of systems of computer-aided design of
technological preparation of production are: "Vertical". T-FLEX Technology, APPIUS, SPRUT-
TP.

The paper describes different classes of automated systems used to evaluate the
production process of manufacturing parts according to productivity indicators in the multi-
nomenclature production: CAD systems of technological preparation of production (CAD TPP),
Enterprise Resource Planning (ERP) systems, MPP (Manufacturing Process Planning) systems,
MES (Manufacturing Execution Systems), simulation modeling systems matte. The presented
systems of assessment of the production process of manufacturing parts by productivity
indicators in multi-nomenclature production either do not take into account the time constraints
of the production process of parts in multi-nomenclature production, which determine the
production cycle of their manufacture, or require a detailed description of production processes,
which is absent at the stage of preparation for the technical re-equipment of the enterprise.

Keywords. Productivity, labor intensity, machine capacity, cycle, calculation.

Introduction.
In order to ensure the production of a changing range of mechanical engineering products
technical re-equipment of enterprises is carried out. The productivity of machine-building
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enterprises is largely determined by the quality of design solutions laid down when carrying out
technical re-equipment.

The main tasks of technical re-equipment of machine-building enterprises are to ensure
compliance of technical capabilities of the enterprise production system with the requirements of
technological processes for manufacturing the specified product range and the quantity of
technological equipment with the requirements of the specified production program [1].

Thus, when carrying out technical re-equipment to ensure the specified performance
indicators, the main objects of research are technological processes of manufacturing products of
the set output program and transportation processes [2].

This approach has proved itself well in large-scale and mass production, for which the
main indicator of productivity is the tact (rhythm) of output. The rest of the production processes
are aimed at ensuring the specified output beat.

Materials and methods.

In large batch and mass production the critical path of product manufacturing includes
technological processes and transportation processes [3].

In the multi-nomenclature small batch and serial types of production, the critical path of
product manufacturing of the set production program includes various production processes [4].

As a result, the production cycle exceeds the calculated total value of the technological
cycle and transportation cycle. As a consequence, the production system after the technical re-
equipment is not able to fulfill the set program.

In practice, one of the directions for solving this problem is to increase the amount of
technological equipment, which will be used inefficiently due to unproductive time losses, i.e.
have a low load factor [5].

Automated systems of various classes are used to evaluate the production process of
manufacturing parts according to productivity indicators in multi-nomenclature production:

— Computer-aided design of technological production preparation (CAD TPP) systems;

— ERP (Enterprise Resource Planning) systems;

—  MPP (Manufacturing Process Planning) systems;

— Manufacturing Execution Systems (MES);

— systems of simulation modeling of material flows;

— etc.

Automated systems of design of technological preparation of production allow you to
calculate the labor intensity, machine capacity and duration of the technological cycle.

Results.

To solve these problems, CAD TPP mainly uses the analytical and computational
method.

The most common software and methodological complexes of systems of computer-aided
design of technological preparation of production are: "Vertical'. T-FLEX Technology,
APPIUS, SPRUT-TP.

The basis of CAD systems is the functional design of technological processes [6], which
includes the calculation of cutting modes, rationing operations of technological processes.

Thus, CAD TP has a developed functional for calculating the time of the working period,
namely the calculation of piece-calculation time (Tst.k), time of control operations and time of
natural technological processes (Te).

The time of breaks (Tv.mp) is set in aggregate.

Automated systems for planning the execution of technological processes are focused on
the calculation of the working period time [7].
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Automated systems of planning of production processes of MRR class are based on the
concept of PPR (process-product-resource), which establishes the relationship between the
component parts of the product, operations of the technological process, transportation process
and resources for their implementation.

Production operations are represented in the form of a PERT diagram, which takes into
account the sequence and time of their execution. The working period time (Tv.r.p.) is taken
equal to the value of the critical path of technological operations and transportation operations
(Figure 1), which is calculated automatically [8].

The time of breaks in the systems of MRR class is either not taken into account, or is set
normatively. A number of MRR class systems (DELMIA, Technomatics) allow to implement an
analytical-calculative method of determining the working period time based on simulation of
technological processes and transportation processes.

D - Kpumuveckud nyme uz2omobnenus COODOHOU 0UHULE

Komnnexm-e | flodzomobxa

& 5 5 & 2
Jl o J__,.l oy l._,.l om }_,_I Jm l._,_i o) I_

flodzomatxa  In/wosmax  Kowmpoms  Fn/mormax  Kowmpons

P | |y l oy
T 0y .
In/mosmax  Ddesxupulb In/vormax

Figure 1 - Graphical representation of the working period time in DELMIA Process Engineer
MRR class automated system

Figure 2 shows a graphical representation of the simulation of the manufacturing
processes of the ship's bottom section in the system DELMIA V5.
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Figure 2 - Graphical representation of the manufacturing process of the ship's bottom

Automated systems of MES class are designed to calculate the production schedule for
several shifts, which is formed on the basis of the calculation of the duration of the production
cycle [9].

MES-systems are used mainly for operational and scheduling planning and dispatching.

Multi-criteria optimization methods allow to operate with dozens of different partial
criteria and constraints, take into account a variety of production situations when constructing
equipment schedules. The algorithms used in MES-systems allow scheduling and recalculating
them in the dispatching loop in minimum time (from three minutes to 10 seconds for tasks of
2000-5000 operations and 150-200 pieces of technological equipment) [10].

An example of calculating the labor intensity of manufacturing a nomenclature plan, an
order, a group of orders, overhaul schedules on the basis of the labor intensity of technological
processes of parts manufacturing in the FOBOS operative scheduling system is shown in figure 3
[10].

The main input data for MES-systems are:

- technological processes of manufacturing parts;

- state of technological equipment;

- production schedule obtained as a result of volumetric scheduling.

Input data must contain a complete list of products of the nomenclature manufactured in
the planned period of time, as well as a detailed description of technological operations and
operations for transportation of products. It is not possible to form the specified amount of input
data at the stage of technological preparation of production.

Thus, MES class systems allow to calculate the duration of the cycles of a part of the
production process for the whole list of products within a few shifts.

MES-systems are systems that solve operational production tasks. They are not designed
to solve the problems of technological preparation of production.

Simulation modeling, which gains more and more popularity in the world, has a great
potential for the calculation of the duration of the production cycle

Simulation modeling is a numerical method for the study of the processes of a real system
by performing experiments on its model.
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Figure 3 - Example of calculating the labor intensity of manufacturing nomenclature plan

The method of simulation modeling can be used to solve the problems of technological
preparation of production, as well as to verify the results obtained by MES-systems. The
reliability of the experimental results is largely determined by the degree to which the model
corresponds to the real production system.

Simulation modeling is implemented by special software tools, such as DELMIA
QUEST, Technomatics Plan Simulation, AnyLogic, etc.

The information model of the production system used in DELMIA QUEST is shown in
Figure 4.

The simulation method allows to determine working hours and break times.

An important advantage of the simulation method is the possibility to calculate break
times when simulating production processes based on the introduced rules of interaction of
elements of the production system, as well as values of the probability of occurrence of events
and their duration
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Figure 4 - Information model of the production system used in DELMIA QUEST

Simulation modeling, which is becoming increasingly widespread in the world, has a
great potential for calculating the duration of the production cycle [8].

One of the main disadvantages of the simulation modeling method is a large volume of
input data, including data on the entire range of manufactured products, which is quite difficult
to form at the stage of technological preparation of production.

Table 1 shows a typical report on the results of simulation in the system DELMIA

QUEST of the production system of the shop, a graphical representation of which is shown in
Figure 5.

Table 1 - Data structure of the typical report on the results of simulation.
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Figure 5 - Graphical representation of the manufacturing system simulation model in DELMIA
QUEST (arrows indicate the logistic links between elements of the production system of the
shop)

Discussion.

One of the possible ways to contribute to solving the problem of increasing productivity
is the calculation of the production cycle for the production of parts of a given program in the
current production system based on the analysis of time relationships. In connection with the
above, the actual task is to analyze the temporal relationships of the production process, to
identify unproductive time losses in the manufacture of parts and to develop recommendations
for reducing the time of the production cycle and, as a consequence, to increase the productivity
of the manufacture of parts. To assess the manufacturing process of parts according to
productivity indicators in the multi-nomenclature production, automated systems of different
classes are used, which allow calculating the labor intensity, machine capacity and duration of
the technological cycle. To solve these problems CAD TPP mainly uses analytical-calculative
method. The most common software and methodological complexes of systems of computer-
aided design of technological preparation of production are: "Vertical". T-FLEX Technology,
APPIUS, SPRUT-TP. The presented systems of assessment of the production process of
manufacturing parts according to productivity indicators in multi-nomenclature production either
do not take into account the time relations of the production process of manufacturing parts in
multi-nomenclature production, which determine the production cycle of their manufacture, or
require a detailed description of production processes, which is absent at the stage of preparation
for the technical re-equipment of the enterprise.

Conclusion.

The presented systems of assessment of the production process of manufacturing parts by
performance indicators in multi-nomenclature production either do not take into account the time
relations of the production process of manufacturing parts in multi-nomenclature production,

335



Ka3zKKA Xaoapmbicet Ne 3 (122), 2022 ISSN 1609-1817 (Print) The Bulletin of KazATC
Becrank KazATK Ne 3 (122), 2022 ISSN 2790-5802 (Online) DOI 10.52167/1609-1817
vestnik.alt.edu.kz

which determine the production cycle of their production, or require a detailed description of
production processes, which is absent at the stage of preparation for technical re-equipment.
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KOI MAIIIMHA KYPBLTY KOCITIOPBIHJIA PBIHBIH TUIMILIIK
KOPCETKIIITEPIH BAFAJIAY/IBIH ABTOMATTAHJBIPBLIFAH )KYHEJEPIH
TAJJIAY

Anparna. KocimopbeIHpI TEXHUKAIBIK KalTa KapaKTaHABIPY/IbIH HETI3T1 MIHIACTTEPIHIH
0ipi KOCIMOPBIHHBIH KYPBUIATBIH OHMAIPICTIK KYHECIHIH TEXHHMKAJIBIK MYMKIHIIKTEPiHIH
OCNTIJICHTeH HOMEHKJIATypa MEH TEXHOJOTHSIIBIK JKAOJBIKTap CaHBIHBIH OYHBIMIAPIbI
HIBIFAPY/IBIH OCNTiIEHTeH OaFIapIaMachblHbIH TaTanTapblHA COMKECTITH KAMTaMachl3 €Ty OOJIBII
TaObuTanpl.  TeXHUKAIBIK  KalTa  JKapaKTaHABIPy  IIEHOEPIHAE  KaJIbIIITACTHIPHUIATHIH
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TEXHOJIOTUSUIBIK MIEIIIMIEP KOCBIMIIIA CAThIN aJbIHATHIH TEXHOJOTHSUIBIK a0 BIKTHIH TYPJIEPiH
allKbIH/Ay JKOHE OJapIblH CaHbIH ecenTey >KOeHIHAeri memiMaepai kKamTuabl. KentereHn
JKaraiapaa JkaOJaplK ©Te KbIMOAT OOJFaHIBIKTAaH, CAThIN alyFa Ka)XXeTTi KaOIbIKTHI oI
ecenrey OYKUI KOCIMOPBIHHBIH THIMALTITIHIH HETi3T1 KOpCeTKIITepiHiH Oipi eKeHIH ecTe ycTaraH
YKOH. OHIMIUTIKTI apTTHIPY MOCENECIH MICIIyTe bIKIAI €TETIH MYMKIH YKOJIIapAbIH Oipl yaKbITIIA
OaiimaHpICTapIbl TNy HETI31HAE KOJJIaHBICTaFbl OHAIPICTIK Kyheae OepiiareH OaraapiaMaHbIg
OeJmeKTepiH  OHIIPYIIH OHIIPICTIK IUKIIH ecenrey Oonbim  TaObuiansl. Korapblaa
aiiTburraHgapra OalIaHBICTBI  OHJIPIC MPONECIHIH yakKbITIIa OaiJaHBICTaphIH — Talnay,
OesmeKTepAl OHAIPYAETI HOTHXKECI3 IIBIFBIHAAPALI aHBIKTAY YKOHE OHIIPICTIK MK YaKbITHIH
KbICKapTy »J>KOHE HOTWXKeCiHAe OeJIeKkTepal OHAIPYIiH OHIMAUIrIH apTTeipy OoiibIHIIA
YCBIHBICTAp 93IpJiey ©3€KTI MiHIeT OoJbin TaObUIaabl. benmiekTepai eHIIpydiH ©HIIPICTIK
OpOIECiH OHIMIUTIK KepceTkimrepi OoifpiHma Oaramay YIIIH op TYpii  KJIacTarbl
aBTOMATTaHJBIPBUIFAH KyHenep Koaaanbutaael, 0y Cisre eHOeK ChIMBIMABLIBIFBIH, CTAHOKTHIH
CBIMBIMIIBUTBIFBI MEH TEXHOJIOTHSUTBIK IMKIAIH Y3aKTBIFBIH ecenTeyre MyMKiHmik Oepemi. Ocbl
Mmocenenepai menry yuiH COIl HeriziHeH aHaTUTHKAIBIK JKOHE €CEeNTey OICIH KOJJIaHaIbl.
OHIpiCTI TEXHOJOTHSIIBIK JalbIHIAYABl aBTOMATTaHIBIPBUIFAH KoOanay >KyHenepiHiH eH Kol
TapanFaH OarmapiaMaibIK-oficTeMenik kemenaepi: "Beprukans", T-FLEX TexHoMOTHSACHI,
APPIUS, sprut-TP.

Makanana ke KabaTThl OHIIPICTETT OHIMALTIK KOpCeTKimTepi OOWBIHIIA OOJIIeKTepAl
OHIIPYIIH OHIIPICTIK TpoleciH Oaramay VIIIH KOJJAHBUIATBIH Op TYpil KIIACTarbl
ABTOMATTAHJBIPBUIFAH JKYHENep KapacThIPbUIFAH: OHAIPICTI TEXHOJOTUSIIBIK JalbIHAAYIbI
aBTOMATTaHABIpbUIFaH xo0anay xyienepi (COII AXOK), ERP (Enterprise Resource Planning)
KOCIOPHBIHBIH pecypcTapblH Oackapy xkyidenepi, MPP (Manufacturing Process Planning)
OHJIIPICTIK MpolecTepl xkocnapiay xyienepi, MES ennipicTik npouecrepin 0ackapy xyienepi
(Manufacturing Execution Systems), marepuanablK arbIHAApAbl VMHUTAIMSIIBIK MOJENBICY
KyiHenepi. ¥ ChIHBUIFAH OeJIIIeKTepAl OHAIPYAIH eHAIPICTIK MPOIEeCiH Oaranay *Kyienepi onapabl
OHJIIPY/IIH OHIIPICTIK HMUKIBIH aHBIKTAUTHIH MIIIUIEATI OHAIPICTETT OONIIeKTepi OHIIPYAiH
OHJIIPICTIK MPOIIECIHIH yaKbITIIa OalijaHBICTAPbIH €CKEepPMEIll HeMece OHJIPICTIK MpoLecTepIl
erKeH-Ter kel cumaTTayapl Tajan eTeli.KOCIMOPhIHAbI TeXHUKAIBIK KaiTa jKapaKTaHIbIpyFa
MAWBIHIBIK KE3EHIHIE JKOK.

Tyiingi ce3nep. OHIMIUIIK, €HOEK WIBIFBIHBI, CTAHOKTHIH KApKBIHIBUIBIFBI, ITHKI,
ecenTey.
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AHAJIN3 ABTOMATHU3UPOBAHHBIX CUCTEM JJIsSI OHEHKH MOKA3ATEJEN
MHNPOU3BOJAUTEJIBHOCTHU MHOI'OHOMEHKJIATYPHBIX
MAIIXHOCTPOUTEJIBHBIX IPEJNPUATHI

AnHOTanusA. OQHON M3 OCHOBHBIX 337a4 TEXHUYECKOI'O NEPEBOOPYKEHUS MPEITPUITHS
ABIsieTCd ~ OOECleYeHHe  COOTBETCTBMS ~ TEXHHYECKMX  BO3MOXKHOCTEH  co3aaBaeMoi
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MPOU3BOJICTBEHHON CHUCTEMbl MPEANPUATHS TpeOOBAaHUSIM TEXHOJOTMUECKUX IMPOIECCOB
W3TOTOBJICHHUS W3JICJUH yCTAHOBJIICHHOW HOMEHKJIATYPbl M KOJWYECTBA TEXHOJIOTHYECKOTO
o0opynoBaHus TPeOOBAHUSAM 3aJaHHOW MPOTPaAMMBbI BBITyCKa H3JEHUH. TEXHOJOTHYECKHE
petieHus, GOpMHUpPYEMbIE B paMKax TEXHHUYECKOTO MEPEBOOPYKCHHS, BKIIOUAIOT PEIICHUS TIO0
OTIPENICTICHUIO THUIIOB JOIMOJIHUTEIBHO MPUOOPETAEMOTr0 TEXHOJOTHYECKOTO O0OpYAOBaHHS W
pacyera ux konudectna. IIpu 3TOM HalO y4UTHIBATH, YTO MOCKOJBKY B OOJIBIIMHCTBE CIIy4acB
000pyI0OBaHHE OYEHb JOPOTOCTOSIIEE, TO TOYHBIM pacueT HEOOXOJUMOTrO K 3aKyIKe
000py/IoBaHUsl SIBJIICTCS OIHMM W3 OCHOBHBIX TOKa3zatened 3(pdekTuBHOCTH pabOTBI BCETO
npeanpustus. OIHUM W3 BO3MOXHBIX TyTEH, BHOCSIIMX BKJIAQJ B peUICHUE MPOOIEMbI
MOBBIIICHUS] TTPOU3BOJAUTEIBLHOCTH, SIBJIIETCA pacyeT MPOU3BOJCTBEHHOTO IIMKJIAa U3TOTOBJICHUS
JeTalied 3aJaHHOW MPOrpaMMbl B JIEUCTBYIOIIEH NPOU3BOJICTBEHHOM CHCTEME Ha OCHOBE
aHaJln3a BPEMEHHBIX CBs3€H. B CBA3M C BBIIECKA3aHHBIM aKTYaJbHOW 3a/1a4eid SIBJIACTCS aHAIU3
BPEMEHHBIX CBS3€il MPOU3BOJICTBEHHOTO IMPOLIECCA, BBISBICHHE HEMPOIYKTHBHBIX IOTEPh
BPEMEHHU TIPHU M3TOTOBJICHHUH JIeTajell U BbIPAOOTKA PEKOMEHIAIMN MO COKPAIICHHI0 BPEMEHHU
MIPOM3BOJICTBEHHOTO IIUKJIA M, KaK CJICJICTBUE, IMTOBBIIICHUIO MPOU3BOUTEIIBHOCTA U3TOTOBICHUS
neranen. [[ns OeHKU NMpOU3BOJICTBEHHOIO MPOLECCAa U3TOTOBJICHUS JETajed IO IMOKa3aTessaM
MIPOM3BOIUTEIIHBHOCTH B MHOTOHOMEHKJIATypPHOM MIPOU3BOICTBE MIPUMEHSIOTCS
ABTOMATU3UPOBAHHBIC CHUCTEMbI PA3JIMYHBIX KJIACCOB, KOTOpPHIE  TO3BOJSIOT  pacyuTaTh
TPYIAOEMKOCTh, CTAHKOEMKOCTh U JJIUTENbHOCTh TEXHOJIOTHYECKOro IuKia. Iy pemeHus 3Tux
3agay CAIIP TIIII B OCHOBHOM HCHOJB3YIOT AHAJUTHYECKO- pacu€THbiii Meron. CambiMu
pactpocTpaHeHHBIMU MIPOTrPaMMHO-METOTUYCCKIMHU KOMILICKCaMU CHUCTEM
ABTOMATU3UPOBAHHOTO  TMPOEKTUPOBAHUS  TEXHOJIOTMYECKOM  TMOJITOTOBKHM  IMPOU3BOACTBA
apisitorest: «Beptukans» , T-FLEX Texnonorusi, APPIUS, CITPYT-TIL

B crathe paccMOTpeHBl aBTOMATHU3MPOBAHHBIE CHUCTEMBI  PA3JIMYHBIX  KJIACCOB,
MIpUMEHSIEMbIE JUIsL OLIEHKM TMPOM3BOJCTBEHHOTO MIPOLlecCa M3TOTOBIEHUS JIeTajedl 1o
MOKa3aTeNIsiIM  MPOU3BOJUTEIFHOCTY B  MHOTOHOMEHKJIATYPHOM  MPOU3BOJICTBE:  CHCTEMBI
ABTOMATHU3MPOBAHHOTO MPOEKTUPOBAHMS TEXHOJIOTUYECKON MOAroToBKU mpousBojactea (CAIIP
TIII), cucremsl ympasienus pecypcamu npeanpustuss ERP (Enterprise Resource Planning),
CHCTEMbI TUIAHWPOBAHUSA MPOM3BOACTBEHHBIX mporeccoB MPP  (Manufacturing Process
Planning), cucremsl ympaBieHus Npou3BoACcTBeHHbIMU Tpoueccamun MES (Manufacturing
Execution Systems), cucTeMbl HMHTAI[HOHHOTO MOJCTHPOBAHUS MAaTEPHATIBHBIX TTOTOKOB.
[IpencraBiaeHHbie CHUCTEMBI OLIEHKH MPOM3BOJCTBEHHOI'O MPOIIECCAa M3TOTOBJICHUS ACTallel 1O
MOKa3aTelsiM  MPOU3BOAUTEIHLHOCTH B  MHOTOHOMEHKIATYpHOM IPOU3BOJCTBE IHMOO HE
VUYUTHIBAIOT BPEMEHHBIE CBSI3W TMPOU3BOJICTBEHHOTO TIPOIleCcCa W3TOTOBJICHHUS JeTalel B
MHOTOHOMEHKJIATYPHOM ~ MPOU3BOJICTBE, ONPEAEISAIOIINE TMPOU3BOJCTBEHHBIA LUK  HUX
U3TOTOBJICHUS, TUOO TpeOYIOT MOAPOOHOTO OMUCAHUS MPOM3BOACTBEHHBIX MPOILIECCOB, KOTOPOE
OTCYTCTBYET Ha JTamne TMOJArOTOBKM K TIPOBEJIECHUIO TEXHHUYECKOIO IEePEBOOPYKEHUS
MPEATPUSITHS.

KawueBbie ciaoBa. I[Ipou3BOIUTENBHOCTh, TPYAOEMKOCTb, CTAaHKOEMKOCTh, LMK,
pacuer.
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