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Abstract. Thisarticleisabout deve opment prospects of CAD/CAM /CAE-systemsand the significance of these
systems for design of architectural environment. Modern technologies of designing are considered and practica
examples of the architectural objects made by means and agorithms of CAD/CAM /CAE-sysemsarereviewed.
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1. Introduction

Every graphic system of 3D-modelling offers its own, often unique, object-building algorithm which is
the main distinguishing feature of these systems. Each of these algorithms has been carefully developed and
reasonably built; almost any problem can be solved with their help. In other words, the same object can be built
in any 3D-modelling system, but in different ways. At the same time each algorithm is oriented to a narrower
specialization, has a clearly expressed functional orientation and a large arsenal of opportunities in this segment.
CAD/CAM/CAE-systems are the most effective technologies in design of architectural environment. In a
genera theoretical comprehension of specified question the works of the following researchers were used:
K. Ulrich, S. Eppinger, Y. Suhanov, O. Efanov, Y. Berezaand other authors.

2. Basic theoretical section

In the scientific article a systematic approach helped consider the significance of CAD/CAM/CAE-
systems, 3D-printing technologies and virtual reality in design of architectural environment has been used. The
complex of the general scientific methods (historical-comparative and chronological, the method of
terminological analysis) conduced to identify and consider the examples of practical application of specified
CAD/CAM/CAE-systems in the architectural activity and design practice of the author.

3. Resaults and Discussion

CAD-sygtems (computer-aided design) [1] — computer support of designing. These systems are intended for the
solution of design problems and registration of the design documentation. Leading three-dimensional CAD-systems
alow implemerting a full cycle of preparation and manufacture of difficult industrial products. CAM-systems
(computer-aided manufacturing) [1] — computer support of manufacturing. These systems are intended for designing of
product machining with computerized numerical control unit and issue of programs for unit. The three-dimensional
model of aproduct detail created in CAD-systemis used in CAM-systems. CAE-systems (computer-aided engineering)
[1] —support of engineering calculations. The three-dimensional modd of a product detail created in CAD-systemis also
used in CAE-systems which include engineering analysis aswell.

CAD/CAM/CAE-systems occupy special position among other systems and represent the industrial
technol ogies directed to the most important areas of product manufacturing. The impossibility of manufacturing
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a difficult high technology production (companions, the ships, planes, tanks, cars, various kinds of machine
tools and the industrial equipment, etc.) without CAD/CAM/CAE application is a generally recognized fact. The
same situation concerns the architectural constructions and their complexes[2; 3].

One of the lines of CAD development is based on the creation and perfection of software conglomerate
primary aimed at complete designing, manufacturing, running and recycling processes of any product. The
completeness also includes objects structure designed and manufactured with special equipment as well as
management of all technological processes, control of quality, packing, transporting and selling. Thus,
CAD/CAM/CAE-systems become more and more universal in application to various design problems, and their
computer toolset can beinvolved in architectural activity.

There is a considerable quantity of systems for architecture, interior design and building. All of them, to
some extent, can solve the whole complex of questions connected with human environment: architecture,
architectural constructions and architectural visualization; city planning, construction of roads, landscape
design; building, including al engineering communications;, design of interiors, in particular — public,
decoration of premises, €etc.

The leaders in this sphere are such products as
« ArchiCAD (Graphisoft company) and AutoCAD (AutoDesk
company). The second case is about software for architecture
and building (AEC — Architecture, Engineering, Construction) —
a complex of special CAD based on AutoCAD. The newest
versions of ArchiCAD and Autodesk Architectural Desktop
support the intellectual three-dimensional model of a building.
B However, a mass introduction of new architecture and building

technology is hindered with the “inheritance” of two-
dimensional files and paper drawings, which cannot be directly
used in the intellectual modd of building.

As an example of the architectural project designed in
ArchiCAD environment, it is possible to consider the author’s
design decision of a gym for a private home ownership in
Konche-Zaspa in Kiev. The total area of the gym is 176,5 sq.
meters. Architecturally-planning decision consists of the central
input with subsidiary premises and functional zones in the right
and left wings of the building. In a central part of the building
the sanitary-and-hygienic block is located, which includes the
shower, bathrooms and mini-kitchen. In the left wing a gym
with training equipment and a childish sports zone is provided.
In the right wing the two rooms for visitors are planned. The
design of form-building elements is based on a glass and metal
combination. In the first design version a glass parallelepiped of
a building with faceted structure of a facade is “pierced” with
truss-shaped construction made of painted metal (Fig. 1). The
second and third design versions are implemented with fagade
of a volume-spatial structure like a crystal rock. This is an
elegant way to enter the gym into a natural landscape of
Konche-Zaspa. The differences of these design versions lie in
the artistic solution of entrance group, in the second design
| version the greatness realized as monumental boulder is
| underlined (Fig. 2). In the third design version the pathetic
realized in pyramidal top, integrated into a building “body” is
emphasized (Fig. 3). The structure of the entrance group is made

Fig. 3. Gym. Third design version of polished stainless stedd and visually “disappears’ in a
surrounding space, and pyramidal top isacomposition dominarnt.

Today the particular interest is represented by the projects on Revit platform. It is a system of a new
generation from Autodesk, based on the most advanced concept of “Building Information Model” (BIM). This
ideology has incorporated the latest achievements and technologies. as a matter of fact, it is a database and

Fig. 1. Gym. First design version

Fig. 2. Gym. Second design version
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imaging a design object. Drawing the levels and plans, over-heading and a roof, column and ladders placed in
certain places accompanies with automatic data recording of these elements in the general database of the
current project. Thus, al the elements of the model — the base, walls, roof, over-headings, windows, doors — are
parametrically connected and coordinated. Revit being based on the parametrical core is capable to co-ordinate
any changes in automatic mode: no matter, what part of the project is being worked by the user on — the model
view, drawing sheet, specification, section, plan etc. It is possible to request al needed information referred to
the current project, for example, views, sections, tables etc., which will be generated on the model of a building.
Thus, the different ways of representation of database contents are applied.

Among the author’s projects designed in the environment of Autodesk Revit, there is a modular set of
seats for the architectural environment of Kharkiv. The necessity of the seats creation, which can be used in any
city point, has predetermined the universality of the set and application of a modular design principle. The
complete set of modular seats assumes some variations: single, double and three-place benches, turning modules
for creation of I-shaped, s-shaped, u-shaped and other compositions, flowerbeds and urns, as the additional
options of the benches. Each variation of the complete set, despite to the capacity degree consists of the
following components: a concrete bearing, base made of stainless steel and bench sitting.

M. MywKnHckas, yi. BecHuHa >
asrobyc 89, 223, 230

Fig. 4. Modular set of seats. Bus station

The width of a single variation of the modular set is 600 mm, double — 1200 mm, three-place — 1800 mm
accordingly. The similar parameters provide convenience of sitting for people with different constitution and
clothes when it goes about weather seasons. The depth of sitting is 480 mm, back slopeis 15 degrees, height of
armrests is 200 mm and all these values correspond to ergonomic reguirements. The structure of the modular set
of seats includes visible and invisible constructive elements. One of the visible dements of a modular set is
concrete bearing with the slots for transportation and installation convenience, as well as centering cones for
setting the right position of stainless stedl base and fixing it relatively to the concrete bearing. The bearing
contains weld-in armature necessary for the connection of bearing and base, and for fastening the bench sitting
to the base.

Design of the complete set is based on a modular principle. A variety of components of the modular set
allows to create different compositions depending on a district configuration and to add complementary options.
It predetermines the universality of the modular set, its possibility to organize small bus station areain a form of
narrow double bench (Fig. 4), and large park area with the creation of a big circular composition with the
decorative flowerbeds (Fig. 5). Compositional expressiveness of the design solution of this set is based on a
proportional combination of rectangular elements. The modular set was developed for the city environment of
Kharkiv so the conception solution is close to the constructivism represented in many architectural monuments
of our city. And though the conception solution of modular set has the certain lines peculiar to the
constructivism, it also has a certain neutrality of shape. So, the application of this set in different city areas, for
example, city streets or park-avenuesis provided.

The CAD/CAM/CAE-systems are integrated with recent, but more and more popular direction of the
3D-printing generated by means of special printers. The 3D-printers are developed with the system of fast
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prototyping (Rapid prototyping, RP) [2] — the technologies of the fast “ prototyping”, creation of pre-production
model or working model of system for demonstration to the customer and control of the realization possibilities
[4]. The technology of the 3D-printing gets the increasing popularity in an architectural activity, putting at new
level the implementation and production of the separate elements of architectural constructions as well as the
whole town-planning. A special cement structure for the 3D-printing, developed by the group of engineers of
the British University of Loughborough, allows creating the constructive and decorative elements of various
morphological configurations. Layer-wise building-up of enhanced cement structure facilitates a considerable
simplification of construction works and the finished concrete products, if necessary, can be updated with
painting and decoration [5].

The technology of 3D-printing “Contour Crafting” (author Berok Koshnevits) patented in the USA in
2009, assumes the printing of building structure “on a turn-key basis’ in the near future. It means printing
bearing structures with installed engineering communications, painted and decorated premises, the elements of
the sanitary equipment and so on. The branch of South Californian University specially created by department
of NASA isin process of realization of this project. Unlike futuristic “ Contour Crafting”, 3D-printer WinSun of
Shanghai Company Shanghai WinSun Decoration Design Engineering Co is the pragmatic and utilitarian
solution. WinSun represents the device with the overall dimensions of 10x40x6 meters, capable to print the
house less, than for 24 hours [5], that is, developer's statement. The company portfolio has dozens of
architectural and interior projects made with 3D-printing technology, thus, it is possible to assume that in future
the 3D-printing will surpass traditional ways of building, and methodological bases of architecture will
replenish with new algorithms of projects realization in an architectural activity.

Fig. 5. Modular set of seats. Parkland

Asthe example of complex object of design and architectural activity made by means of 3D-printing, it is
possible to consider the design solution of metal bridge. A prototype presented by the Netherlands Company
MX3D in autumn 2015. A distinctive feature of this company lies in its 3D-printing automatic manipulators
with the tools for extruding and welding the metal, instead of traditional “boxes for printing”, limiting the object
overall dimensions. Thus, there is a possibility of free spatial manipulation in the course of creation of the form,
its morphological structure and construction of different sizes [5]. For the today technology of the 3D-printing
the direction in filling the body-spatial environment becomes more and more popular, passing from
experimentally-pilot devices to the industrial complexes focused on industrial technologies of realization of
design objects, architecture and town-planning.

The most interesting development prospect of CAD-systems, in an architecture context, is creation and
perfection of the centers of a virtual reality for PLM. Product Lifecycle Management — is the process of
managing the entire lifecycle of a product from inception, through engineering design and manufacture, to
service and disposal of manufactured products [6]. Virtual reality technologies are used in design of
complicated system products (aircraft, cars etc.); visualization of complex architectural solutions; planning of
urban development (urban planning); that is where the concept development needed, coordination of
components and, even, testing (up to reception of virtual operating experience) should be spent long before the
stage of a physical prototype creation. The systems of virtual reality (immersion centers, lat. Immersio —
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immersing) are also used for effective demonstrations to the persons — decision makers: investors, customers,
focus groups of experts, etc [7].

By the same principles can be developed architectural designing and modelling, when a special system
software: Autodesk Revit, ArchiCAD, Autodesk AutoCAD architecture and other software packages are
integrated in VR, thus, there is a possibility of interactive virtual prototyping of cities, areas, buildings and
interiorsin real scale with the subsequent 3D-visualisation of the design data. A special efficiency of application
of VR technology can be shown in the process of adaption of architectural construction/complex with the
personified city environment that is one of the main, defining architect’ s tasks. VR technology allows estimating
the designed building from those or other foreshortenings of a district landscape and on the contrary assists in
consciousness of the reality from a projected construction.

Thus, the development prospects of CAD/CAM/CAE-systems assume full integration with a virtual
reality. In other words, the complete set of the software delivery basically will include “immersion modul€’,
with the corresponding equipment (helmets of a virtual reality, 3D-points, gloves with the tactile sensors,
special joysticks, etc.). With their help projector can adapt designed object in the corresponding environment.
The architect, for example, can “put” the designed building in the urban environment of Kharkiv, in 77,
Sumskaya Street, and virtually estimate the real merits and demerits of the exterior walk round of the
construction on perimeter, and visit floors and premises of the interior. These technol ogies are the future of the
design process.

The phenomenon of the digital revolution formed the basis for the prevailing majority of innovative
developments in various spheres of human life, including architecture and design. These include
CAD/CAM/CAE-systems, technologies of 3D-printing and virtual reality, as well as other innovative processes
that, in the current globalization and post-industrial economy, are a strategic resource for the devel opment of
architecture and design. The variety of these developments and the rapid pace of their implementation determine
the necessity to clarify and specify the innovations in the context of interdisciplinary interaction of architecture
and design. This process is aimed at the formation of project-methodological base that can integrate such
technol ogiesinto the profession, apply them as design principles and predict their results.

4. Conclusions

The CAD/CAM/CAE-systems combined with the technologies of 3D-printing and virtual reality open a
lot of new design possibilities of creation design ideas and their effective implementation in application to
architectural activity and design practice. Given in the scientific article examples, supported with the
appropriate theoretical studies, illustrate the convergence of technologies and design achievements from various
industrial sectors. The variety of professional software and its rapid development must be mentioned as well, in
some cases — the subsequent transformation into the new innovations, in others — the disappearance from the
scientific field, both temporary and final. Therefore, further clarification of these processes is necessary, as well
as determination of their structural components and formulation of application algorithms in architectural and
design practice, which requires theoretical comprehension, scientific analysis, reasoned conclusions and
approbation in the design process.
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Hamanis Bepeynosa, Mapis bninosa
CAD/CAM/CAE-CUCTEMM B TU3AMHI APXITEKTYPHOI'O CEPEJIOBUIIA

Anomeuin. CAD/CAM/CAE-cucmemu 3atimaroms 0cobnuge noiojicents ceped THUuxX CUucmeMm, OCKilbKU npedcmagisioms
iHOycmpianvhi mexnonozii, be3nocepednbo cnpamosani Ha Haubinbw eaxcausi oonacmi mamepianvho2o eupobnuymea. Coo2o0Hi
3A2ANbHOBUZHAHUM (DAKMOM € HEMONCIUBICMb BUSOMOBNEHHS CKAAOHOL HAYKOMICmKOT npodykyil (cynymuuxkie, kopabnis, 1imakis,
MAHKIG, A8MOMOOINIE, PI3HUX GUOIE 6ePCMAMIE | NPOMUCTIOB020 YCmamKyeanHs i in.) 6e3 sacmocysannss CAD/CAM/CAE-cucmenm,
He Kadcyuu npo apXimexmypHi cnopyou ma ixui KOMNieKcu.

Ooun i3 nanpsimkie possumky CADICAM/CAE-cucmem rpynmyemvcs Ha cmeopeHHi | 600CKOHANEHHI NpOSPAMHUX
KOH2NOMEPAmi6, OCHOBHE 3A80aHHS AKUX NOALAE 8 3a0e3nedenHi NOBHICMIO 3a6epuieH020 Npoyecy po3poOKU, BUSOMOGIIEHHS,
excnyamayii ma ymunizayii 6y0v-sikoeo 00 ckma. Camo co6or0 3p03yMino, wo 00 NUMAHb 3a6EPULEHOCTT HANEHCAMb PO3POOKA
KOHCmMpYKYii 06’ €kma i ochawjentst Onisl 1020 8UCOMOBIeHHs, YAPAGIIHHA BCIMA MEXHONOSIYHUMU NPOYecamu npu UpoOHUYMEi
00’ eKma, KOHMPOIb U020 AKOCMI, YNAKOGKU MA MPAHCNOPMYEAHHs, a makodxic oo peanizayis. Taxum uunom, CAD/CAM/CAE-
cucmemy cmaiomo yce Oinbul YHI6EPCATLHUMU 6 3ACMOCY8AHHT 00 PIZHUX NPOEKMHUX 3460aHb, A HAOAHUL HUMU KOMN I0MepHUll
iHcmpymenmapiii modice 6ymu 3a0isHuil 8 apXimeKmypHiil OisIbHOCHI.

Haiiyixasiworo  nepcnekmueoro  pozsumky CADICAM/CAE-cucmem, 6 kommekcmi apximekmypu, € CMEOPeHHs i
600CKOHaNeHHs: yenmpie eipmyanvhoi pearvnocmi ons PLM (Product Lifecycle Management). Texwonocii gipmyanvhoi
PeanbHOCHE  GUKOPUCMOBYIOMbCS NPU  NPOEKMYBAHHI CKIAOHUX cucmemHux npodykmie (asiayis, asmomobini mowo) O0ist
BI3YAI3AYLT KOMNIEKCHUX apXiMeKmypHUX pitiens, npu nianyseanti pozsumky micm (Urban planning), moomo mam, de pospobaeni
KOHYenyii, y8' A3Ka KOMNOHeHmi6 | Hagimb mecnyganist (axc 00 OMPUMAHHSL GIPMYALbHO20 00C8IOY eKCRIAYAmMAayil) nosuHHi 6ymu
nposeoeni 3400820 00 emany CmeopenHst i3utHO20 NPOMOMuny .

Omoice, ocobrusa eghexmusnicmo 3acmocysanns mexnonozii VR nposigasiecmocs 6 npoyeci npucmocyganhs apximexmypHoi
cnopyoulkomnaexcy 3 nepcoHighiko8aHuM MiCLKUM cepedosuujeM, Wo € OOHICIO 3 20I106HUX, BUSHAUATLHUX 3A60AHb NPOEKMAHMA.
Le 0o360n€ oyinumu, K CNpULIMAEMbCA CRPOEKMOBAHA OYOI6Isl 3 MUX 4u [HWUX PaKypcie aanowagmy micyegocmi i HABNAKU,
Cnpusie yc8i0oMIeHHIO OICHOCI 3 NPOEKMOBAHOT CROPYOU.

Knwwuosi cnosa:. apximexmypa, 3D-moodens, 3D-moodenosanns, 3D-0pyx, CADICAM/CAE-cucmemu, eipmyanvha
peanvHicmp.





