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ABSTRACT
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To ensure the effectiveness of professional activities in the face of increasing requirements for the scope of
design work and production preparation time, computer-aided design of technological processes (CAD TP)
systems are used. However, there is a problem of safe implementation of CAD TP. The aim of the study is
to develop a decision-making methodology for adapting CAD TP to the conditions of enterprises and to the
work of personnel based on a systematic approach to threat analysis. The methodology includes methods for
choosing CAD TP, using text and graphic prompts when entering information, as well as applying methods for
unifying various CAD systems and adapting them to enterprise conditions at the database level. The results of
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the study are implemented in CAD for operations performed on multi-spindle horizontal automatic lathes and

are used at South Ural State University and Azerbaijan Technical University.
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Designing the technological process of manufacturing
a part is a complex multifactorial task, starting with the
selection of a work piece and ending with the formation of
output technological documentation. Modern mechanical
engineering is characterized by an increase in the share of
small-scale and single-piece production, which leads to an
increase in requirements for the volume of design work and
production preparation time. The use of computer-aided
design of technological processes (CAD TP) ensures high
efficiency of professional activity in the face of increasing
requirements for the volume of design work and production
preparation time [1, 2].

According to experts from the American Project
Management Institute (PMI), the amount of irreparable
losses of organizations due to the poor quality of project
management is $109 million for every billion US dollars.
Only 40% of ongoing projects in the world are completed
on time and within budget, i.e. about 60% of projects end
unsuccessfully [3, 4].

Approximately the same picture is observed with the
implementation of complex and mega projects in Russia,
including the implementation of CAD TP. At the same
time, the process of design automation is accompanied by
increased risks for professional activities.

Firstly, a class of new threats has emerged, associated
with the emergence of a large number of CAD systems that
differ in functional and cost characteristics. For example, at
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the end of the last century at the Chelyabinsk Polytechnic
Institute, at the Department of Machine Building Technology,
anumber of CAD systems were developed and implemented,
covering the design of both technological process route and
operational technological processes on various machines,
including automation of normalization of operations. Similar
CAD systems were developed in institutes of other cities.
There was a problem of economically justified choice of CAD.

Secondly, the process of introducing CAD (especially at
the stage of trial operation) is accompanied by unreliable
work, leading to distortion of information. New threats have
appeared that require duplication of the work of process
engineer, both with the help of CAD and in the traditional
version, which leads to an increase in the labor intensity of
the work.

Thirdly, the process of introducing CAD is accompanied
by a change in the structure of the enterprise and the job
responsibilities of the staff. A class of new threats has
appeared, related to the need to form the readiness of
personnel to work with CAD.

The analysis of these threats indicates the relevance of the
problem, which consists in the need to develop a decision-
making methodology for the use of CAD according to the
security criterion [5, 6].

1. Statement of research objectives

Studies of the security problem are contained in the works
of a number of scientists. In the works of A.V. Vozzhennikov,
S.A. Proskurin, A.L. Prokhozhev, S.V. Smulsky and others
reflected the general theoretical problems of national
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security. They defined the concepts, structure, content and
functions of security, substantiated the need to study security
issues for various branches of life. Foreign scientists Brian
Denman, Grant McBurney, Jeffrey Alderman, Jan Grof and
others, while studying the problem of security, focus on
the prevention of extremism and the formation of a tolerant
culture.

Table 1 summarizes process design practices that
minimize these hazards.

However, despite the progress made, the problem of
safe implementation of CAD TP has not been sufficiently
resolved.

The aim of the study is to develop a decision-making
methodology for adapting CAD TP to the conditions of
enterprises and to the work of personnel based on a systematic
approach to threat analysis. The methodology includes the
methods given in table 2.

2. The choice of CAD TP according to the criterion
of economic security

The criterion of economic security involves the choice of
CAD TP based on correspondence tables and decision tables.
The choice of TP depending on the nature of production and
the type of metal-cutting equipment is carried out using a
table of standard solutions (table 3).

The choice of the technological process, depending on the
nature of production, is carried out using the correspondence
table (table 4).

3. Using text and graphic prompts when entering
information

When designing technological processes, the process
engineer mainly works with a mass of graphic documents.
These include drawings of the workpiece, parts, tools,
fixtures, operational sketches, graphic images of transitions,

graphical representation

Table 1
Methods for designing technological processes
Ne Threat content Method content
1 Designing plans for surface treatment on automatic | Improving the productivity of multi-tool machining on
lathes with insufficient productivity automatic lathes by optimizing surface treatment plans [7]
Design of multi-tool double-carriage adjustments Improving the productivity of multi-tool machining on
2 with insufficient productivity automatic lathes by optimizing the placement of tools by
machine positions [8]
3 Insufficient performance in multi-axis machining Optimization of multi-axis machining [9]
Insufficient milling performance Optimization of the milling operation [10, 11]
5 Non-optimal tool path when machining on CNC Optimization of the tool path when machining on CNC
machines machines [12]
Optimization of cutting speed based on the model of the
6 Insufficient cutting speed shear plane scheme during the formation of chips in the
cutting process [13]
7 Tool wear is not taken into account when changing Oﬁtimization of turning, taking into account tool wear
the cutting force during turning when changing the cutting force [14]
8 Insufficient time, cost and product quality Optimization of time, cost and quality of the product [15]
9 Excess power consumption when turning tOptim@zaﬁon of cutting conditjons during turning in order
0 minimize energy consumption [16]
10 Insufficient grinding performance Optimization of automatic grinding cycles [17]
Table 2
Decision-Making Methods for Safe Implementation of CAD of TP
Ne Threat content Method content
1 Unreasonable choice of CAD of TP The choice of CAD TP according to the criterion of
economic security
2 Alarge amount of input information that requires its Using text and graphic prompts when entering

information

conditions of the enterprise

The lack of unification of databases of various CAD
3 of TP and the difficulty of adapting CAD of TP to the

Application of methods for unifying various CAD
systems and adapting them to the conditions of the
enterprise at the database level

Table 3
The choice of technological process by the nature of production and the type of metal-cutting equipment
TP type
Nature of production Local TP for operations,
TP Route Group and typical TP analysis of multiple
options, optimization
Small-scale Universal machines 0 0
Medium series 0 Customized and CNC 0
machines

Large scale and mass 0 0 Multi-spindle horizontal
production machines
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etc. The development of efficient TPs is achieved as a result
of solving complex problems, such as structural-parametric
optimization, dimensional analysis, and synthesis of TPs. To
solve such problems, a system of graphical objects is needed,
for example, dimensional chains. In addition, the technologist
(process engineer) has to solve auxiliary design tasks that
require working with graphic objects, for example, designing
cams for automatic machines. Table 5 discloses methods for
minimizing the threat associated with a large amount of
input information, implemented in the TOPAZ application
package [18].

4. Application of adaptation methods of CAD TP

Information support containing information about the
standard decisions of the technologist (process engineer)
and the rules for their adoption, at the early stages of the
development of CAD TP was presented in the form of a direct
block algorithm that performs the choice of standard solutions,
and was implemented at the level of a computer program.
However, this form of presentation has economic threats.

Firstly, the volume of the program increased significantly
due to the complexity of adapting block algorithms to the
organization of unified procedures. For example, to select a
tool, it is necessary to develop an algorithm and a program
for each type of tool.

Secondly, it is impossible to quickly correct CAD TP in
conditions of a changing production situation, for example,

when replacing machines, as this is due to the need to correct
the program code.

Thirdly, when creating a CAD TP that includes all
existing transitions, there is a redundancy in the program
code, which leads to an increase in the time and laboriousness
of the software.

This situation is due to the direct placement of the
characteristics of standard solutions and technological
transitions in the program.

The identified threats of an economic nature will be
minimized if a number of requirements for information
support are met.

First, the characteristics of typical solutions must be
transferred from algorithms and programs to the information
level, i.e. the requirement that the characteristics of typical
solutions be independent of algorithmic support must be
ensured.

Secondly, the procedure for determining standard
solutions should be the same for various tasks, i.e. it is
necessary to ensure the presentation of the characteristics of
standard solutions in a universal form.

Thirdly, it is necessary to transfer technological transition
design algorithms from algorithms and programs to the
information level.

Table 6 discloses decision-making methods for minimizing
the threat to economic security associated with the problems
of adapting CAD TP.

Nature of production Route or route-

operational TP

Table 4
The choice of TP by the nature of production
TP type
Operational TP with
calculation of cutting Single TP, analysis

conditions and time

of multiple options,
standards, registration of a

optimization, dimensional

list of required equipment, analysis
cutting and measuring tools

Single and small series 0

Medium series 0 1

Large scale and mass

production 0 0 1

Using text and graphic prompts when entering information

Table 5

Ne Threat content Method content
Making the wrong decision due to the inability to see | Implementation of panoramic input based on the
the entire structure of the multi-tool adjustment on the | translation of the classifier of technological transitions
screen to command lines. This introduces a virtual two-
1 dimensional table of transition names. The columns
of the table correspond to the working positions of
the multi-spindle machine, the rows correspond to the
carriages.
Errors associated with a large amount of input text | Default algorithms are proposed, which, based on the
2 information given values of the primary parameters, will determine
the most probable value of the corresponding secondary
parameters.
3 Input errors associated with the ambiguity of textual | Use of graphic hints to eliminate the ambiguity of the
information that requires its graphical representation | entered information
Information entry errors associated with the lack of | Implementation of control over the input of the
4 control over the entry of the adjustment structure in | adjustment structure in graphical form on the monitor
graphical form screen with the possibility of correcting the input
information




S. A. Bogatenkov et al. /| SOCAR Proceedings Special Issue 1 (2022) 006-010

Table 6

Application of adaptation methods of CAD TP

Threat content

Method content

The impossibility of prompt correction of CAD TP in
the conditions of a changing production environment
due to poor adaptation of block algorithms to the
organization of unified procedures

Ensuring the independence of the characteristics of
t}gpical solutions from algorithmic support as a result
of the use of reference and algorithmic tables, decision
tables and correspondences

When creating a CAD TP, including all existing
transitions, there is a redundancy of the program code,
leading to an increase in time and laboriousness of work
due to the direct placement of technological transition
design algorithms in the program.

Ensuring the independence of the design algorithms
of technological transitions from the program code as
a result of changing the principles for constructing the
algorithmic su ]]:Jort of CAD TP, ie. replacing codes
with command lines and using an invariant resident
algorithm on a single data field.

Conclusion

1. Decision-making methodologies have been developed to adapt CAD TP to the conditions of

enterprises and to the work of personnel based on a systematic approach to threat analysis.

2. The methodology includes methods for choosing CAD TP, using text and graphic prompts when

entering information, as well as applying methods for unifying various CAD systems and adapting them
to enterprise conditions at the database level.

3. The results of the study are implemented in CAD for operations performed on multi-spindle

horizontal automatic lathes [18] and are used at South Ural State University and Azerbaijan Technical
University.
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HPI/IHHTI/Ie peIJ.IeHI/Iﬁ B yCAOBM3SIX BHEeAPEHMSI CMICTEM aBTOMAaTU3MPOBaHHOIO
IIPOEKTNUPOBaHMS TEXHOAOIMIECKUX ITPOLI€CCOB

C.A. Bozamenxoe', H.C. Casonoga?’, H.4. FOcyb6o6? X.M.Ab66acoea?
B.B. Badaaoea?, P.U. Baxenog®
1IO>KH0—YpaALCKM171 rocyAapCcTBeHHEIN yHUBepcnTeT, Yeasodumck, Poccrs;
2Asep0ailA>KaHCKIIT TEXHIIeCKNiT yHuBepcuTeT, baky, AsepbaitaskaH
3HpmaMypc1<I/H71 rocyJapcrseHHsit yuusepenreT uM. [lloaom-Aaeiixema, bupoduaxkan, Poccrsa

Pegepar

Aas obecriedernnst dPPeKTUBHOCTU MPO(PeCccHOHaAbHON AEeATeABHOCTN B YCAOBVAX YBeANIEHNs
TpeOOBaHNIT K 00BEMY ITPOEKTHBIX PabOT U CpOKaM IOATOTOBKU ITPOU3BOACTBA IMPUMEHSIIOTCSA CHCTEMEI
aBTOMAaTU3MPOBAHHOIO MPOeKTUpoBaHMs TexHoaorndeckux mnpoueccos (CAIIP TII). Ognako cymiectsyeT
nmpobaema GezonacHoro sHeApenns CAIIP TII. Ileasro mccaejoBanus ABAsSeTCs pa3paboTKa MeTOA040-
iy npuHATUS pernennii Aasa aganrtauuu CAIIP TIT x ycaoBusiM npealipusiTuii 1 K paboTe IepcoHaaa
Ha OCHOBE CHMCTEMHOTO II0AX0Ja K aHaAm3y yTpo3. MeTojoaorms BKaiodaeT MeToanl Beroopa CAIIP TIT,
JCTIOAB30BaHNs TEKCTOBBIX M TpadpUUecKNX MOACKa3oK IpH BBOJAe MHPOPMAIuy, a TakKe IpUMeHeHUs
criocobos yaumKanuu pazandasix CATIP n aganrarum mx K yCAOBUAM IIPeATIpUATUA Ha ypoBHe 06a3
AaHHbIX. Pesyabprarel uccaegosanns peaansosansl 8 CAIIP onepalnii, BRIIOAHSEMBIX HA TOKAPHBIX MHO-
TOIIINIMHAEABHBIX TOPU3OHTAABHBIX aBTOMarax, U MCIOAb3YIOTCs B IOXHO-YpaabckoM TocysapcTBEHHOM
yHUBepcuteTe 1 Azepbalia>KaHCKOM TEeXHUYECKOM YHUBEPCUTETe.

Katouegvte carosa: TexHOAOTMUECKMII IPOLIECC; aBTOMATU3MPOBAHHOE HPOEKTUPOBAHUE; HPUHSATUE
peleHnit; MeToABI IIPOEKTUPOBAHLS; CITOCOOB! aJarTalfuIL.

Texnoloji proseslarin avtomatlasdirilmis layihalondirms sistemlarinin tatbiq edilmasi
soraitinds hoallarin qabul olunmasi

S. A. Bogatenkov', N. S. Sazanova®, N. D. Yusubov? H. M. Abbasova?
B. B. Badalova?, R. 1. Bajenov®
!Conubi Ural Dovlat Universiteti, Celyabinsk, Rusiya; 2Azarbaycan Texniki Univesiteti, Baki,
Azarbaycan; *Solom Aleyxem adina Priamur Dovlat Universiteti, Birobidjan, Rusiya

Xiilasa

Layihoalondirms islerin hacmina ve istehsalin hazirlanmasi miiddatlerine taleblarin artirilmasi
sortlarinde pesekar fealiyyetin samarsliliyini tamin etmak maqgsadilatexnoloji proseslarin avtomatlasdirilmis
layihalondirma sistemlari totbiq olunur (TP ALS). Lakin TP ALS-ds tehliikesiz tatbiq edilmasi problemi
movcuddur. Tedgiqatin magsadi TP ALS miiassisalarin seraitine ve personalin isine adaptasiya olunmasi
ti¢ilin tehliikenin analizina sistemli yanasmasi asasinda hallarin gebul edilmasi metodikasinin iglanilmasidir.
Metodologiyaya TP ALS secilmosi tisullarini, informasiyanin daxil edilmasi zamani matn ve qrafiki
soklinds olan koémekden istifads, hamgcinin miixtelif ALS-in unifikasiya {isullarin tetbigi ve onlarin
verilonlor bazasi saviyyesinde miiassisenin seraitine adaptasiya edilmesi daxildir.Tedqiqatin naticelari
horizontal ¢oxspindelli torna avtomatlarda yerins yetirilon amsaliyyatlarin ALS-ds reallasdirilaraq, Conubi-
Ural Dévlat Universitetinds ve Azarbaycan Texniki Universitetinda istifads olunur.

Acarsozlar: texnoloji proses; avtomatlasdirilmislayihalandirms; hallarin gebul olunmasi; layihalandirma
tisullary; adaptasiya tisullar.
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