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Abstract

Introduction. The assessment of the manufacturability of products — as a stage of production planning and a key aspect
of the development of modern industrial machining systems — is an urgent task of modern mechanical engineering. In
this regard, theoretical and practical research on the development of methodological approaches to determining the weight
significance of quantitative indicators in assessing the manufacturability of parts is highly relevant. The objective of the
presented work was to develop an evaluation method aimed at improving the quality of part processing and the
effectiveness of the performance of multiproduct manufacturing systems based on the development of additional
quantitative indicators for assessing production manufacturability.

Materials and Methods. To assess the impact of quantitative production indicators associated with time spent during
equipment downtime, a model was created. It was aimed at predicting event flows of delivery of batches of parts for
manufacturing for a specific operation and flows of processed parts using the queuing theory apparatus. This approach
makes it possible to take into account both the design-engineering characteristics of parts, the features of a particular
production system, and the emerging manufacturing situation.

Results. The degree of influence of the manufacturability indicators at the level of the process operation was determined
by assessing the possible impact on the components when calculating piece-calculation time (7....«). The interrelations
between the manufacturability indicators and expenses for all items of the production cost of part processing (Con), as
well as costs associated with organizational downtime of equipment (C,,...i) were established. The degree of influence of
the indicators of manufacturability relative to other indicators was determined by using the apparatus of paired
comparisons in decision-making in relation to all structural elements of production costs.

Discussion and Conclusion. The approach to the implementation of this design procedure was described, which provided
taking into account the composition and capabilities of processing equipment of a particular production and the actual
production situation. The developed formalized models make it possible to comprehensively predict the impact of the
manufacturability indicators of parts on the performance effectiveness of machining systems during their manufacture.
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AHHOTAIIMA

Beseoenue. OueHka NpOU3BOACTBEHHON TEXHOJIOTMYHOCTH M3TOTABIMBAEMBIX H3JENUN — 3Tal TEXHOJIOTHYECKOi
MOJTOTOBKH M KJITIOYEBOM aCTEKT Pa3BUTHA COBPEMEHHBIX IMPOM3BOJCTBEHHBIX MEXaHOOOpaOAaTHIBAIOIINX CHCTEM —
SIBIIICTCA aKTyaJlbHOM 3afjaueil COBPEMEHHOI0 MAIIMHOCTPOEHHSA. B 3Toi CBSA3M TeopeTHuUeckHe M IMpaKTHYECKHe
UCCJIEOBaHMs MO pa3paboTKe METONMYECKHX IIOJXOJIOB K OMNPE/ICICHHIO BECOBOW 3HAYMMOCTH KOJIMYECTBEHHBIX
MOKazaTeJel MpU OLEHKE IPOM3BOJCTBCHHONW TEXHOJOTMYHOCTH JETallei SIBISIOTCA BECbMa aKTyaJlbHBIMH. Llenpro
MIPEACTAaBICHHON pabOTHl SABMIACH pa3pabOTKa METO/A OLCHKH, HAICNICHHOTO Ha IOBBIICHHWE KadecTBa 00pabOTKH
neraneil U d(GGEKTUBHOCTH (YHKIMOHUPOBAHUS MHOTOHOMEHKIIATYPHBIX IPOU3BOJICTBEHHBIX CHCTEM Ha OCHOBE
pa3paboTKH IOMOIHUTEIBHBIX KOJIMUECTBEHHBIX [TOKA3aTeNel OLEHKH POU3BOICTBEHHOW TEXHOJIOTMYHOCTH.
Mamepuanst u memoost. [y OLCHKH BIWSHUS KOJMYECTBCHHBIX IPOM3BOJCTBCHHBIX IOKa3aTeNlei, CBA3aHHBIX C
3aTpaTaM¥ BPEMEHH IPH MPOCTOe 000PYI0BaHMs, CO3/JaHa MOJIEIIb IIPOrHO3UPOBAHMUS TOTOKOB COOBITHI TIOCTYIIICHHS
NapTHil 1eTajell Ha M3rOTOBJICHUE Ha ONpPE/EICHHYIO ONepalnio 1 MOTOKOB 00pabOTaHHBIX JeTajell C UCIIO0Ib30BaHHEM
anmnapaTa TEOpHH MacCOBOTO 00CTy>KUBaHUs. TakoH IMOIX0/ ITO3BOJIAET YUECTh, KAK KOHCTPYKTOPCKO-TEXHOIOTHUECKHE
XapaKTePUCTUKU JeTalied, OCOOEHHOCTHM KOHKPETHOH NPOM3BOJICTBEHHOM CHCTEMBI, TaK W CKJIAIbIBAIOLIYIOCS
IIPOU3BOJICTBEHHYIO CUTYAIHIO.

Pesynomamur uccnedosanusa. IlocpeacTBOM OLEHKH BO3MOXKHOTO BJIMSIHUS Ha COCTaBIIAIOIINE IIPU pacueTe IUTY4HO-
KaJIbKYJISIIIMOHHOTO BPeMEHH (Tymx) HAa YPOBHE TEXHOJOTHMYECKOW OIeparuu ObLIa ONpenesceHa CTENCHb BIMSHUS
MoKa3aTese TeXHOJIOTHYHOCTH. Y CTaHOBIICHBI B3aMMOCBSI3M MKy IMOKa3aTeJIIMU TEXHOJOTMYHOCTH M 3aTpaTaMH I10
BCEM CTaThsIM TEXHOJOTM4ecKoi cebecTommocTH 00paboTku 3arotoBku (Cor), a TakkKe 3aTpaTaMH, CBA3aHHBIMHU C
OPTraHU3AMOHHBIMU MTPOCTOSIMHU 000pyROoBaHUS (Cpp.o.i). C TIOMOIIBIO TPUMEHEHHS anmapaTa MapHbIX CPaBHEHUH IpH
NPUHATHN PELICHUI NPUMEHHUTENbHO KO BCEM CTPYKTYPHBIM 3JE€MEHTaM IPOHM3BOACTBEHHBIX 3aTpaT OMpeesieHa
CTETIeHb BIMSHUS MTOKa3aTeIe TeXHOJIOTMYHOCTH OTHOCUTENBHO JAPYTUX MOKa3aTeleH.

Oébcyscoenue u 3axniouenue. OTHMCAH TIONXOA K BBITOJHEHHWIO JAaHHOW NPOEKTHOW MPOIENYPHI, MO3BOJISIOIINI
YUUTHIBATH COCTaB M BO3MOXKHOCTH TEXHOJIOTHYECKOTO O0OpYyJOBaHMS KOHKPETHOI'O IPOM3BOACTBA M PEalIbHO
CKJIaJIBIBAIONIYIOCS TPOW3BOJACTBEHHYIO CHTyaluio. PaspaboranHele (OpMaTH30BaHHBIE MOJENIH IIO3BOJISIOT
KOMIUIEKCHO  CIIPOTHO3MPOBAaTh  BJIMSHHE [OKa3zaTeJeld TEeXHOJOTMYHOCTH Jetalieii Ha  3ddexkTuBHOCTH

(I)yHKLII/IOHI/IpOBaHI/ISI MeX&HOO6pa6aTBIBaIOH.II/IX CHUCTEM IIpU UX U3TOTOBJICHUU.

KiroueBble cj10Ba: TEXHOJIOTHIECKAS IMOATO0TOBKA NPOU3BOJCTBA, OLICHKA TCXHOJOT'MYHOCTU HSHGHHﬁ, KOJINMYECTBCHHEBIC
IIOKa3aTcJIn HpOH3B0}ICTBeHHOﬁ TCXHOJIOTHYHOCTH, MCX3H006pa6aTLIBaIOH_[I/Ie MPpOU3BOJACTBECHHBIE  CHUCTEMBI,

3¢ PeKTUBHOCTh PYHKIIMOHUPOBAHUSI IPOU3BOJICTBA

Bnaroaapnocnl: ABTOPBI BbIpAXKAOT 6J'[al“0,ﬂapHOCTL peAaKIU U PCUCH3CHTY 3@ BHUMATCIIbHOC OTHOMICHUE K CTAThC U

BBICKa3aHHBIC TPEAJIOKECHUA, KOTOPHIC ITO3BOJINJIN ITOBBICUTH €€ Ka4CCTBO.

Jdas nutupoBanus. boukapes I1.IO. Kopones P.Jl., boxosa JI.I. KommiekcHas OIeHKa IPOW3BOACTBEHHOI
TexHonmoruuHocTH  u3genuid. Advanced Engineering Research  (Rostov-on-Don). 2023;23(2):155-168.
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Introduction. The development of machine-building production under modern conditions is impossible without a
serious increase in scientific research related to the development of theory and methodological principles of formalization
of all stages of product production, which are the basis of future intelligent support systems for the creation and
manufacture of technical objects. In this aspect, the solution to the tasks of design and process planning is a challenge [1,
2]. Despite numerous works in this area, automated systems that provide for even minor functional actions of designers
and technologists related to the implementation of creative design solutions have not been created yet.

A prerequisite for the production planning of the effective functioning of machining systems is monitoring and
analysis of the current production situation, as well as information about the condition of equipment and engineering
support. Rational production decisions can be made only based on full knowledge of the above. Even an experienced
technologist is not able to collect and analyze such a large amount of information. Therefore, decisions are often made
subjectively and unreasonably, the design of processes and their implementation are spaced out in time, and the use of
computing systems is hindered by the lack of models describing the process of production planning.

R&D works on the creation of a system for planning multiproduct processes are devoted to solving the tasks
formulated [3]. They are based on a conceptual approach to the formalization of all design procedures for providing the
process planning of machining industries, taking into account specific features, capabilities of equipment and tooling.
One of such design procedures is the assessment of the manufacturability of products, which is traditionally given
insufficient attention. The role of this stage is significantly underestimated.

All performance indicators of the production system operation are determined by the complexity of the products and
the degree of production capacity. There is often inconsistency between these two indicators, which causes the inability
to meet the requirements for the quality of products, downtime, and irrational use of equipment. Objective data on the
feasibility of manufacturing products in a specific production system, along with known tasks and methods of solving
them, should be obtained precisely when evaluating the manufacturability of products.

Materials and Methods. Scientific studies on creating formalized models for establishing links between engineering
and design tasks for the preparation of industrial machine-building systems are of great importance. Due to the increasing
global rivalry in the manufacturing sector, the primary task is to increase the efficient operation of equipment during the
implementation of production processes, taking into account compliance with the specified requirements for the quality
of parts, which, in turn, are installed during the design process.

The challenges of the modern conditions of the operation of industrial complexes involve providing the
manufacturability of products. Currently, methods for assessing the manufacturability of products, taking into account
the need for compliance with the requirements of standards, directly depend on the qualification of the technologist
(designer) and their knowledge. This approach does not guarantee making reasonable engineering decisions and hinders
the automation of project procedures.

The assessment of manufacturability as a stage of pre-production is carried out to establish the relationship between
the costs of manufacturing the product and its design features. The results of such an assessment are often contradictory,
there is no complete mathematical description of the procedure for its implementation.

To resolve the current situation, it seems appropriate to implement the following steps in practice [4-6]:

— establishment of relative weight characteristics of manufacturability indicators based on the parameters of products.
The solution to this problem at the stages of development of working design documentation, when there are no engineering
solutions for manufacturing, is difficult to implement, but paramount;

— development of the existing range of quantitative indicators for the implementation of the procedure for assessing
manufacturability; they should provide taking into account specific approaches to the production planning for particular
industrial complexes.

The creation of methodological support for the design procedure of assessing the manufacturability of products should
be based on an extensive design and engineering database that takes into account its structure and the relationship between
the elements of models used in the design and implementation of the processes. The planning system of multiproduct
processes meets these requirements and enables, along with the possibility of evaluating known and used quantitative
indicators in production, to offer new ones [7].
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In accordance with the principles laid down when creating a process planning system, the key performance criterion
is the operating time of the production system for manufacturing the whole set of products. It includes all the costs of the
production cycle and is directly related to the cost of production of parts. Given this situation, the authors propose an
approach that provides a conclusion about the significance of these indicators for specific production conditions. The
approach is based on the establishment of relationships between the elements included in the estimation of the cost of
manufacturing parts, and quantitative indicators of manufacturability.

Research Results. The sequence of implementation of the developed approach includes several design procedures
that take into account both the design features of the parts being processed and the organizational and technological
features of the production system, including the composition and capabilities of the equipment, as well as the specifics of
the program of manufactured products.

Initially, at the level of the process operation, the degree of influence of the manufacturability indicators was
established by assessing the possible impact on the components when making the time per piece calculation (7um..)-
Figure 1 shows the structure detail (T......) for the turning operation, through which the analysis was carried out and the
possibilities of the impact of production performance indicators on each individual value in the calculations ( Tium...) were
established. Similar studies, which provide establishing analytical dependences between quantitative indicators of production
manufacturability and structural elements of process operations, were performed for other groups of process facilities.
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The interrelations between the manufacturability indicators and the expenses for all items of the production cost of
machining workpiece Cor (Fig. 2), as well as the expenses associated with organizational downtime of equipment, are
established C,...i.(Fig. 3).
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To assess the impact of quantitative production indicators associated with equipment downtime, a model has been
created for predicting event flows of delivery of batches of parts for manufacturing for a specific operation and flows of
processed parts using the queuing theory apparatus. This technical approach is used in the process planning system [8, 9].
As an example, Figure 4 shows the results in the form of a Gantt chart. This approach enables to take into account the
design-engineering characteristics of parts, the features of a specific production system and the emerging production
situation.

Figure 5 shows an enlarged diagram of the structure for determining production costs under manufacture of parts,
used to assess the specific weight of quantitative indicators for assessing manufacturability in the process planning system.
The analysis of the possibility of the influence of each indicator on the efficiency of the entire production system in the
manufacture of a batch of selected parts for specific production conditions was carried out.

The results of the presented analysis and the established relationships between the manufacturability indicators and
the efficiency of machining systems allowed us to move on to solving the issue of establishing the significance of
quantitative indicators of industrial manufacturability. The presented fragment (Fig. 6) contains information about the
above links in relational form and is supplemented with information about the specific weight of cost elements (as a
percentage). The data are obtained on the basis of statistical processing of the results of the real production system
operation. In the absence of such information, it is possible to use general machine-building or industry-specific data.
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Fig. 6. Fragment of the impact of quantitative indicators of production manufacturability on cost components

To establish the weighting significance of the indicators of production manufacturability, it remains only to solve the
problem of determining their impact directly on each element in the presented structure of production costs. The solution
to this problem was carried out using the apparatus of paired comparisons in decision-making (the iterative Berge’s
process [10]). This method provided determining the degree of impact of manufacturability indicators with other
indicators in relation to all structural elements of production costs. Table 1 shows a pairwise comparison of technological
performance indicators relative to the basic time as an example (70).

Table 1
Pairwise comparison of manufacturability indicators relative to basic time (7o)
To (14 %)

Measured 1111111 = £ s

indicators 1) 12 3|14 |5]|6|7 191 20 21 | 22 23 E g ;S
11 - 2 2100|011 2 1 2 2 13 0.098485
12 0 - 1/]010|2|0]O0 1 1 2 2 9 0.068182
13 0 1 -0 12121010 2 2 0 0 7 0.05303
14 1 2 2 |- 1]11]1 1 1 1 1 13 0.098485
15 2 2 2|1 |-]1|1]1 1 1 2 2 16 0.121212
16 2 2 1({1(0|-]01]O 1 1 0 0 8 0.060606
17 2 0 17111 |-1]1 1 1 0 0 9 0.068182
19 0 2 2 1|12 |2 - 1 1 0 0 12 0.090909
20 0 2 o|1(1|1]1]|1 - 1 1 1 10 0.075758
21 1 1 o111 |1]|1 1 - 1 1 10 0.075758
22 0 0 2 (1|22 |2]1 1 1 - 1 13 0.098485
23 0 0 21|02 |2]|2 1 1 1 - 12 0.090909

Sum | 132 1

Industrial testing and approbation of the developed models was carried out under the conditions of
“GAZPROMMASH” LLC, specializing in the batch production of direct-acting gas heaters with an intermediate coolant
and a modified series of stations, regulators, filter blocks and valves, high-pressure valves. The initial data for the
experiments were: a generated and completed database containing information on the process capabilities of the
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equipment (production unit No. 1), information on the actual condition and technical and economic characteristics of the
site performance (Tables 2-6), the program of manufactured parts (drawings of individual parts are shown in Fig 7).

Table 2
Ratio of the components of production costs
(site no. 1, LLC “GAZPROMMASH” LLC)
306w, = 5,682 (100 %)
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Table 3
Costs for the worker's salary for performing the operation
30 =1,872 Rub. (32 %)
Tum.x. (29 %) 75 (3 %)
Tum. (25 %) T,.; (4 %) -
Ton. (22 %) Toﬁc. (2 %) Tomd(l%) Tn.z,] (15 %) Tn.3A2 (l %) Tnp. (05 %) -
Tmex 06c To 2.06c
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Table 4
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Table 5
Costs for organizational preparation
Tos1 (1.5 %)
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Fig. 8. Examples of design drawings of machined parts (“GAZPROMMASH” LLC) (part 2)
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Fig. 7. Examples of design drawings of machined parts (“GAZPROMMASH” LLC) (part 1)
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The results of

calculations

of

the
the manufacturability of parts on individual structural elements of production costs (site No. 1, “GAZPROMMASH”
LLC) are presented in Tables 7-10.

degree

of

relative

influence

of quantitative

indicators  of

Table 7
Impact of manufacturability quantitative indicators To
(basic (process) time for the manufacture or processing of a unit of product)
Estimated dlnlo | s |lvw]lo|~|loalg|d Y| c—bg Weight
indicators A I T A T I A T A T I B et indicators
1.1 - 12| 2 1 0 0 0 1 2 1 2 2 13 0.098485
1.2 0 1 0 0 2 0 0 1 1 2 2 9 0.068182
1.3 01| - 0 1 1 0 0 2 2 0 0 7 0.05303
1.4 1121 2 - 1 1 1 1 1 1 1 1 13 0.098485
1.5 2 |2 2 1 - 1 1 1 1 1 2 2 16 0.121212
1.6 2 12| 1 1 0 - 0 0 1 1 0 0 8 0.060606
1.7 2 10| 1 1 1 1 - 1 1 1 0 0 9 0.068182
1.9 02| 2 1 1 2 2 - 1 1 0 0 12 0.090909
1.10 0] 2 0 1 1 1 1 1 - 1 1 1 10 0.075758
111 111 0 1 1 1 1 1 1 - 1 1 10 0.075758
1.12 00| 2 1 2 2 2 1 1 1 - 1 13 0.098485
1.13 00| 2 1 0 2 2 2 1 1 1 - 12 0.090909
Table 8
Impact of quantitative indicators of manufacturability Tynp
(time to supply tool to workpiece)
Estimated - ~ m|l< |wle|~lol2|2d| N |® c—g Weight
indicators - - A B A B B B B A = indicators
1.1 - 2 2 o (1|12 |2]2 2 2 2 | 18 0.136364
1.2 0 - 0 O (0|11 |1]1 1 1 1 7 0.05303
1.3 0 2 -2 ]1]1|1]1]1 2 2 2 | 15 0.113636
1.4 2 2 O - |01 |1 |1]1 1 0 0 9 0.068182
1.5 1 2 1 2 |- 2|2 |1]2 2 2 2 | 19 0.143939
1.6 1 1 1 110 -1 |1]1 1 1 1| 10 0.075758
1.7 0 1 1 1 0] 1 - 11 1 1 1 1 9 0.068182
1.9 0 1 1 111711 |-]2 2 2 2 | 14 0.106061
1.10 0 1 1 1102121 |0]| - 1 2 2 | 10 0.075758
1.11 0 1 0 1102122101/ - 2 2 9 0.068182
1.12 0 1 0 2 (0|11 j0]0]0O - 1 6 0.045455
1.13 0 1 0 2 (0|11 j0]0]0O 1 - 6 0.045455
Table 9
Impact of quantitative indicators of manufacturability 7x.3.1
(time limit for organizational preparation)
ol alalol=s Weight
Estimated indicators | 5 | & | 3 [ 3| 3| 3|5 |3 (3| 2| 2| 2|2 5 indicators
1.1 -|l2]2|1]1|12|2|2|2|2|2]|2]|2 0.135484
1.2 o(-|o0fl1}j0]O0O|O]O]JO|O]|]O]O|0O 1 0.006452
1.3 o|2|-]211|1|1|1}|1(1112]|0]0] 10 0.064516
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— Weight
Estimated indicators | = | S | 2| 3 (2| S| 5[ 2|2 5 E E E g indicators
1.4 i1|/1(1|{-|J0|O0O|O|JO|O|]O|O|O]O 3 0.019355
1.5 1|12 (1|0 -(2|2|2|2|2|2|2]|2]|2 0.129032
1.6 112120 |-|2|2|2|2|2|1]1] 18 0.116129
1.7 o(2|1(2j0|jO0|~-]2 ]2 |1]1]|1|1 11 0.070968
1.8 o(2|1(2j0jO0O|2|~-]21|1]1]|1|1 11 0.070968
1.9 o(2|1(2j0jO0O|2|212|-|1]1|1|1 11 0.070968
1.10 o(2|1(2j0jO0O2 2|1 |-]212]|1|1 11 0.070968
1.11 o(2|1(2j0jO0f2 2|11} -]1|1 11 0.070968
1.12 o(2|2(2(o0|21 (2212|1121 ]|-|1] 13 0.083871
1.13 o(2|2|2j1|1(12}21|1|(1|1|1|-] 14 0.090323
Table 10
Impact of quantitative indicators of manufacturability Acm
(costs for the use of process facilities)
— Weight
Estimated indicators i S |4 e S | g indicators
— — — — [

1.8 - 1 1 2 1 1 6 0.2

1.9 1 - 2 1 1 1 6 0.2
1.10 1 0 - 0 0 0 1 0.033333
1.11 0 1 2 - 1 1 5 0.166667

1.12 1 1 2 1 - 1 6 0.2

1.13 1 1 2 1 1 - 6 0.2

1.1 — material machinability index;
1.2 — part design complexity index;

1.3 — coefficient of accuracy and surface roughness of the part;
1.4 — indicator of unification of structural elements;

1.5 — material usage rate;

1.6 — indicator of the possibility of manufacturing a given range of parts;

1.7 — indicator of the use of production system capabilities;

1.8 — indicator of the manufacturability of the part by the uniformity of process facilities;

1.9 — indicator of predicting the level of loading of process facilities when processing a given range of parts;

1.10 — indicator of multivariate decision-making when designing a process;
1.11 — indicator of multivariate decision-making in the implementation of processes;

1.12 — indicator of the manufacturability of the part, reflecting the possibility of observing the principle of unity of
bases under the process development in terms of the surface of the part that is the main design base;

1.13 — indicator of the manufacturability of the part, reflecting the possibility of observing the principle of unity of
bases in the development of the technological process in terms of the surfaces of parts that are auxiliary design bases.

Based on the presented models and previously known dependences of the calculation of quantitative indicators, an
assessment of the manufacturability of parts was carried out. At the same time, the software developed and registered by
the authors was used. Thus, taking into account the information about the real state of the production system, the
adjustment of design documentation, range, sequence of implementation of the manufacture of individual groups of parts
and production planning was performed. A comparative analysis of the calculation results is presented in Table 11.
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Table 11
Comparison results
No. 1 option 2 option Performance
Total time for the manufacture of products of 20
1 items with an annual production program of 61193.42 h 53073.35h 15%
16,600 pcs.

Estimated number of equipment participating in
the process
3 Operation factor 0.67 0.72 7%

2 23 17 35 %

Discussion and Conclusion. The results of the presented theoretical studies and their approbation under real
production conditions allowed us to propose a method for assessing the manufacturability of parts. It provides for a
comprehensive assessment based on the developed analytical dependences for determining the weighting
coefficients that characterize the significance of each indicator of manufacturability from the standpoint of the
efficiency of the machining system. A distinctive feature and scientific novelty of the work is the consideration of
the actual emerging production situation when assessing manufacturability. This makes it possible to use this design
procedure not only traditionally at the initial stages of production planning, but also at the stages of implementation
of processes for the purpose of rational organization of the production.

The developed formalized models create the basis for complete sequential automation of design actions when
evaluating the manufacturability of products, and provide prerequisites for constructing a promising intelligent
system of predicting the efficiency of manufacturing parts in a particular production and making informed
organizational and engineering decisions.
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3asenennvii 6xk1a0.
I1.1O. BoukapeB — HaydYHOE PYKOBOJCTBO, pa3padOTKa METOIUYECKOTO IIOAX0Ma OICHKH BIHSHUS

KOJIMYECTBEHHBIX ITOKa3aTeIeH TeXHOJIOTHIHOCTH, aHAIN3 PE3YIbTaTOB MCCIEIOBAHUH, JOpabOTKa TEKCTa.
P.J. KoponeB — paspaboTka Mojelieii B3aMMOCBS3M IOKa3aTelell TEXHOJOTMYHOCTH W 3aTpaT
MPOU3BOJICTBEHHOTO BPEMEHU, MMPOMBINUICHHAS anmpooOalus u 00paboTka pe3ylbTaToB IKCIIEPUMEHTOB, TOATOTOBKA

TEKCTAa.
JI.T'. bokoBa — omnpenesieHHe COCTaBa U OLEHKA NT0Ka3aTelled NPOU3BOJCTBEHHON TEXHOJIOTUYHOCTH.

KOHd)]ZuKm uHmepecog: aBTOpPbI 3asBJIAIOT 00 OTCYTCTBUU KOH(IJJII/IKTa HUHTEPECCOB.

Bce asmopul npouumanu u 0000punu okoHuamenbHulll 6APUAHM PYKONUCH.



