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FEATURES OF THE USE OF MODERN AUTOMATED PROJECTING SYSTEMS OF
MACHINE-BUILDING INDUSTRIES

The purpose of the study covered in this publication is to analyze the features of the use of modern automated
projecting systems, in particular CAD/CAM/CAE technologies from the point of view of the feasibility of introducing into the
technological process of manufacturing products of a machine-building enterprise. The most popular specialized integrated
CAD/CAM/CAE systems of the highest category for solving design and technological problems of varying complexity are
listed, the features of their use are revealed, the main advantages and disadvantages and the most significant functionality
are outlined. The research used a set of general scientific approaches: visual-analytical, systematization of information,
modern methods of research of mechanical systems, analysis of scientific literature and method of classification. The most
important factors that directly affect the technological process of creating quality products of a modern enterprise of the
machine-building industry are highlighted. The choice of the integrated cloud software platform CAD/CAM/CAE Autodesk
Fusion 360 for three-dimensional modeling of machine-building industries is substantiated. Certain recommendations have
been formulated for the effective use of the CAD/CAM/CAE Autodesk Fusion 360 automated projecting system in the
technological processes of the engineering industry. The main specialized modules of the CAD/CAM/CAE Autodesk Fusion 360
computer-aided system are considered to solve complex problems of varying complexity. It is established that the use of
modern CAD/CAM/CAE technologies can significantly reduce the complexity of technological processes of manufacturing
products of machine-building industries. The scientific novelty of the performed researches is the development of engineering
methods of designing a modern high-tech machine-building complex with the use of integrated CAD/CAM/CAE systems.

Keywords: CAD/CAM/CAE technologies, technological process, machine-building complex, engineering methods of
projecting, three-dimensional modeling, Autodesk Fusion 360.

PYBAHKA MUKOIJIA, ABOPXKAK BOJIOAVUMMUP, JKJTAJIL XKUT' AL
KuiBchkuit HalliOHABHMIT YHIBEPCHTET TEXHOJIOTI] Ta TH3aliHY

ILIEPBAHbB IOPII

KuiBcbkuii paxoBuii KOJEHK MPUKIAJHUX HAYK

OHO®PIIYYK BOJIOANMUP

XMeNbHUIBKHN HalliOHATBHUH YHIBEPCHTET

OCOBJIMBOCTI BUKOPUCTAHHS CYYACHUX CUCTEM ABTOMATHU30BAHOI'O TIPOEKTYBAHHS
MAIIUWHOBY AIBHUX BUPOBHUIITB

Memoto docaidxceHHsi, suceimaeHozo y yill nybaikayii, € aHaaiz ocobausocmell GUKOPUCMAHHS CYYACHUX CUCMeEM
asmomamu3so8aHo2o npoekmygauHs, 3okpema CAD/CAM/CAE mexHo02ill 3 no3uyii doyineHocmi 6npogadiceHHs: 8 mexHo/A02iyHUl npoyec
8U20MO08/1eHHs1 NPpoJdYKYIi MawuHo6ydieHo20 nidnpuemcmaa. llepesiveHo Halibinbw nonyaspHi cneyiaaizogawi inmezposami CAD/CAM/CAE
cucmemu guujoi kamezopii 015 @upiweHHs1 KOHCMPYKMOPCbKO-MexXHO102IMHUX 3a80aHb pi3HOI cKaadHocmi, po3kpumo ocobaugocmi ix
BUKOpUCMAHHS, 3a3HAYEHO OCHOBHI hepesazu ma Hedoiku ma Halb6inbw 3Havywi @yHKYioHarbHi Mosxcausocmi. Ilpu npogedeHHi
docidxceHb BUKOPUCMAHO KOMN/AEKC 3a2a/1bHOHAYKO8UX nidxodia: 8i3yasbHO-aHaAimuvHull, cucmeMHo-iHopmayiliHul, cyuacHi memodu
docaidxceHb MexaHIYHUX cucmeM, aHai3y Haykoeoi Asimepamypu ma memod kaacugikayitll. BuokpemaeHo Hallbiabw eaxcausi pakmopu,
wo 6e3nocepedHbO 8NAUBAIOMb HA MEXHO/02IYHULl npoyec cmeopeHHsl sIKicHOi npodykyii cyuacHozo nidnpuemcmea MawuHo6ydigHoi
2anysi. 06rpyHmosaHo 8ubip komnjaekcHoi iHmezposaHoi xmapHoi npozpamuoi naamgpopmu CAD/CAM/CAE Autodesk Fusion 360 045
MpusuUMIpHO20 MOOEAI08AHHS MAWUHOGYJi8HUX 8upobHUYmME. ChopmyabosaHo nesHi pekomeHdayii wjodo eghekmueHo20 3acmMocy8aHHs
cucmemu agmomamu3o8arHoz2o npoekmyearHs CAD/CAM/CAE Autodesk Fusion 360 e mexHo/i02iYHUX npoyecax MawuHoBydigHoi 2aaysi.
Po3ensiHymo ocHosHi cneyiaaizoeani Modyai cucmemu asmomamusosaHozo npoekmysaHuss CAD/CAM/CAE Autodesk Fusion 360 odas
8UpiwWeHHs KOMNIEKCHUX 3a80aHb Pi3HO20 pieHs ckaadHocmi. BcmaHoseHo, ujo sukopucmanHs cyvacHux CAD/CAM/CAE mexHoso2il
0d0380/15€ cymmeso 3meHwWuUmu mpydomicmkicmb MeXHO/021YHUX npoyecie 8u20moe/eHHs NpodyKyii mMawuHoBydieHUX eupobHuUYms.
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Haykosa HO8U3HA BUKOHAHUX 00CAIOXHCEHb NOASA2AE 8 PO3BUMKY IHHCEHEPHUX Memodié NPOEKMYBAHHS CY4ACHO20 8UCOKOMEXHO102IYHO20
MaWUHOBYdi8HO20 Komnekcy i3 3acmocysaHHsAM iHmezposaHux CAD/CAM/CAE cucmenm.

Knwuoei cnosa: CAD/CAM/CAE mexHos02i, mexHoso2i4HUll npoyec, MauwuHo6yOigHUll Komn/iekc, I[HdyceHepHi Mmemodu
npoekmysauHs, mpusumipHe modentosamHs, Autodesk Fusion 360.

Introduction

In our days, the rapid development of the Fourth Industry 4.0 Industrial Revolution, which implements a
new, innovative approach to the production process. Emphasis is placed on the comprehensive integration of
modern information and communication technologies into industry, complete automation and robotization of
technological processes of production. The fourth industrial revolution is fair to be considered as another logical
stage of development caused by world technological improvement. In order to continue to be competitive,
enterprises of the machine-building industry must produce quality products in accordance with established
requirements and look for ways to minimize the cost of production [1-4].

The prerequisite for the stable functioning and development of a typical machine-building enterprise of the
industry in today’s conditions is a rational management, which involves:

- systematic updating and modernization of the existing equipment fleet;

- improving the energy efficiency of technological processes;

- implementation of modern automated projecting systems, in particular CAD/CAM/CAE technologies
in the technological process of manufacturing products;

- minimization, recycling and rational use of production wastes.

It is worth mentioning, that the world manufacturers of automated projecting systems, that can be taken into
the technological process of manufacturing products of a modern machine-building enterprise, coexist in conditions
of rather fierce competition. There are a sufficient number of fairly powerful high-level automated projecting
systems in the software market, in which CAD/CAM/CAE technologies are implemented and do serve they
purposes. However, it is often the question of what software product is appropriate to use to solve a particular
problem [5, 6].

Problem statement

Given the relevance of the use of modern automated projecting systems, in particular CAD/CAM/CAE
technologies at the machine-building enterprises of the industry, the task of research is to further develop
engineering methods of three-dimensional modeling; selection of the most adapted software product for introduction
into the technological process of manufacturing products of a competitive machine-building enterprise for it to solve
the tasks of varying complexity.

Presentation of the main material

CAD (Computer-Aided Design) is a technology that is used to create, analyze and optimize various designs
and parts using computer programs. CAD technologies allow you to create accurate and detailed models of objects
before their physical creation is given start [7-9].

CAM (Computer-Aided Manufacturing) is a technology that is used to automate the production and
processing of materials. CAM technologies allow you to create numerical programs and instructions for machinery
and equipment that produce parts, products, tools, etc. [10-12].

CAE (Computer-Aided Engineering) is a collection of technologies and software that use computer models
to solve engineering problems. CAE includes a variety of tools for analyzing, modeling the situation of possible
tension and optimizing projects for it being worth manufacturing [13-15].

The most common specialized software products for three-dimensional modeling (Fig. 1), which are
complex systems of automated design of middle and upper levels, as good as largely adapted to the needs of the
modern typical machine-building complex include next:

- Autodesk Inventor — 3D mechanical projection system for creating and studying the behavior of digital
prototypes products and parts [16, 17];

- SolidWorks — system of automated 3D design, engineering analysis and preparation of production of
any complexity and purpose [18, 19];

- PTC Creo Parametric is a fully integrated two-dimensional and three-dimensional modeling software
that allows you to design, analyze and check products [20, 21];

- TopSolid — comprehensive software for solving design and technological problems: creation of CAD-
models, kinematic analysis, work with sheet metal, design of molds, tuning control programs for machines with
numerical software control [22, 23];

- Computer Aided Three-Dimensional Interactive Application (CATIA) is a system of automated
projecting, the concept of which is based on three-dimensional modeling, imitation and teamwork in real time [24,
25];

- Autodesk Fusion 360 — integrated cloud software platform for automated projecting, production,
engineering calculations, analysis and simulation of physical processes [26, 27].

In order to make a reasonable choice of the most rational program for three-dimensional modeling that can
be implemented in the technological process of manufacturing the products of a competitive machine-building
enterprise, it is advisable to consider in detail the characteristics of the software products that were mentioned
above.

Autodesk Inventor is a comprehensive specialized software (CAD/CAM/CAE system) for three-
dimensional modeling and product design, including deeply developed field of analysis needed for engineering. First
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of all, this automated projecting system is aimed at creating digital prototypes of industrial products. The built-in
toolkit allows you to provide a complete cycle of product design and creation of the necessary design documentation
in accordance with the standards [16, 28].
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Fig. 1. The working windows of the programs for three-dimensional modeling: a — Autodesk Inventor; b — SolidWorks;
¢ — PTC Creo Parametric; d — TopSolid; e — CATIA; f — Autodesk Fusion 360

SolidWorks is one of the most popular, currently, software product with all of CAD/CAM/CAE are
included, mainly for 3D modeling and design of mechanical structures, engineering analysis and preparation of
production of any complexity and purpose. SolidWorks in its asset has powerful tools for automated design, creation
of complex digital models of products and carrying out virtual technical researches over them [18, 29, 30].

PTC Creo Parametric is a one more powerful software (CAD/CAM/CAE system) that allows you to create
accurate digital models of products that have full associativity. All real-time changes to the product lead to a
comprehensive update of the working documentation. This software product makes it easy to create three-
dimensional product models, 2D and 3D drawings, work with assembly units, model sheet steel components,
simulate welded joints and their designs, perform a number of necessary engineering test calculations [21, 31].

TopSolid is a comprehensive CAD/CAM/PDM solution from the French company TopSolid SAS, which
includes a number of integrated software products that form a single powerful package for the design, machining
and life cycle management [23, 32]. Capacities are more than enough to work with huge assembly units. TopSolid
specialized software is a modern, powerful self-sufficient CAD/CAM/PDM system that fully meets the most
stringent production requirements [33].

Computer Aided Three-Dimensional Interactive Application (CATIA) is a complex CAD/CAM/CAE
system for three-dimensional modeling and product design of any complexity in the context of their behavior in real
conditions. The French company Dassault Systémes is positioning its software product as a leading solution for
projecting and optimizing manufacturing processes. It should be noted that the CATIA’s work platform for product
creation can be integrated with existing processes and tools [25, 34].
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Autodesk Fusion 360 is a comprehensive software for automated design, manufacturing, engineering
calculations, analysis and simulation of physical processes. It is worth noting the successful combination of the
whole process of product development in one cloud software environment with integrated 3D CAD, CAM and CAE
systems. Autodesk Fusion 360 has a fairly powerful functionality that allows you to create a variety of design,
animation, perform test calculations, develop the technological process of manufacturing parts on CNC machines,
etc. [27, 35].

In addition to functionality, an important role in the selection and further introduction into the technological
process of manufacturing the products of a machine-building enterprise of a modern automated projecting system
can serve as the cost and conditions of the license agreement for the use of this software product, requirements for
computer equipment and more. Therefore, choosing a rational CAD/CAM/CAE system for introducing high quality
products into a specific technological process is quite a challenge.

Responsible employees of the machine-building enterprise should be clearly aware of what specific
purposes the CAD/CAM/CAE system has been selected in their technological production process, and what its
functionality will be used. It is also necessary to calculate the economic impact of implementation, to take into
account the specifics of use, adaptability and power to solve potential design and technological problems. Only such
a rational economic approach will allow to make the correct choice of the necessary system of automated tending for
a particular enterprise with fully predictable and promising results [5].

In our days, attracts special attention to the Autodesk Fusion 360 computer-aided design system. The
functionality of the CAD, CAM and CAE modules program and capacities would be rather sufficient to satisfy the
typical average machine-building enterprise of the industry. It is worth noting a fairly democratic price in
comparison with the closest competitors for those functionalities that the client company will receive under the
relevant license agreement. Another undeniable advantage of Autodesk Fusion 360 is the use of cloud technology.
Employees of the company can work remotely (create, edit models, perform test calculations, generate control
programs on CNC machines, etc.) from any personal computer. All you need is a stable internet connection and a
registered Autodesk account.

The functionality of the Autodesk Fusion 360 automated projecting system is shown in Fig. 2 [36].
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Fig. 2. The functionality of the Autodesk Fusion 360 automated projecting system

Conclusions
The performed researches show the following:
- development of the modern enterprise of the machine-building industry is impossible without the
introduction of innovative technologies of automation and robotization of production;
- the comprehensive Autodesk Fusion 360 automated design system, thanks to its powerful functionality,
fairly democratic value in comparison with the closest competitors and the use of cloud technologies, fully meets the
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modern requirements of small and large machine-building enterprises of the world wide level and can be
implemented in the technological process of typical production of machine-building industry.
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