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GEOMETRIC ASPECT OF CHOOSING MODELS
OF BASIC TECHNOLOGICAL EQUIPMENT

Now methodological aspect of choosing machine tools is still not worked out, we can clearly conclude that it is a very
urgent task that needs a special attention and responsibility. The purpose of the article is to create methodological foundations
for a more justified choice of models of metal cutting machines when designing technological processes of manufacturing
parts. It is proved in the article that the geometry of surfaces is the dominant feature of the items in the solution of the problem
of choosing a particular model of machine tool, which can provide a process for the manufacture of the part.
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Relevance of the research topic. Synthesis of technological processes refers to the kind
of design work, in which the end result is directly dependent on the correctness of the decision-
making at every stage of the design. Throughout the set of solved design tasks the selection of
main process equipment is very important, since it has a decisive influence on the degree of
effectiveness of the design decisions [1; 2].

Selection of equipment for production is a very difficult task, and a good training and ac-
cumulated engineering expertise and special skills are needed for its solution. Every model of
the equipment should be selected based on the specific needs and problems of production. It is
necessary to solve the problem, based on factors such as the possibilities and needs of a partic-
ular enterprise [3, 4].

Formulation of the problem. In the development of engineering production various
problems were constantly associated with the manufacture of products by cutting, in connec-
tion with which, in parallel with the process, the design of machine tools also constantly
changed, developed and improved, which led to an enormous number of types and models of
equipment [1; 3].

At the enterprises, the core process equipment includes a large number of machine tools
and machining centers, which are designed to perform a variety of different technological chal-
lenges, and together constitute a complex technological production.

Like any industrial equipment, metal-cutting machine is the key part of the production process
that determines the success and profits or losses and the failure of the company after the introduc-
tion of technological processes of manufacture [1; 3; 4]. On the basis of the above, and based on
the fact that methodological aspect of choosing machine tools is still not worked out, we can clearly
conclude that it is a very urgent task that needs a special attention and responsibility.

Analysis of recent research and publications. In modern industrial practice in the selec-
tion of main process equipment, design engineers are often guided only by their professional
knowledge and experience, and sometimes simply rely on their own intuition. At first look, the
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state of affairs in this area is very interesting, because it does not require the development of a
formalized methodology for the selection process, establishment of an appropriate mathemati-
cal software, information retrieval systems, databases, models of equipment, etc. In addition,
the approach has relatively high efficiency of project decision-making, and the fact that the
result of the selection is subjective, with highly skilled designer it is usually characterized by a
high rationality [1; 3; 4]. However, despite a number of the above-mentioned advantages of the
approach to the procedure for choosing a particular model of machine tool, this approach cer-
tainly has some negative traits, among which, first, you need consider the following:

1) despite the experience of the design engineer, who makes the final decision on the
choice, due to a number of different reasons (human factors, psychological inertia, etc.), there
is always a good chance of making a wrong decision;

2) constant and frequent upgrading of the core process equipment by machine tool manu-
facturers excludes possibility for designer to monitor the appearance of new models of machine
tools, which is why there is a high probability of making inappropriate decisions;

3) the absence of formalized procedures for the selection of models of machine tools creates
significant barriers to automation of solving the problem by means of CAD/CAM/CAE, though,
at the moment, no one can deny that the modern concept of integrated automation engineering
design is one of the most important trends in the development of modern engineering activities.

Highlighting unexplored parts of the general problem. The above list of negative traits
of approach to the choice of a particular model of the main process equipment can be continued,
but even only three of the above facts simply negate a number of positive attributes of the
approach, which indicates that it is necessary to decisively reject the latter as in the case of an
unfortunate choice of model, the machine can doom the whole idea of technological preparation
of production to failure.

The purpose of the article is to create methodological foundations for a more justified
choice of models of metal cutting machines when designing technological processes of manu-
facturing parts.

We can assume that in the case of development and use of a formalized methodology for
selecting models of machine tools and the establishment of appropriate mathematical software,
a significant positive effect will be achieved through:

1) increasing degree of making optimal design decisions;

2) a significant reduction in the probability of erroneous or inappropriate design decisions;

3) the efficiency of optimal design solutions;

4) ability to work in a single information space, where access to information can be carried
out simultaneously in several engineering groups: technologists, designers, employees of vari-
ous departments, which will make optimal use of collective experience;

5) operational monitoring the appearance of the global machine tool market of new models
of basic technological equipment and the immediate inclusion them in the range of alternative
design solutions;

6) significant reduction of the potential impact of such negative phenomena as human fac-
tors, psychological inertia, etc.

Presenting main material. In catalogs, brochures or websites of manufacturers and sup-
pliers of machine tools, you can find a variety of models with a description of the technical
characteristics and technological capabilities. It's not very easy to find quickly a huge amount
of background information. In addition, it’s not comfortable that different suppliers of the same
models of equipment represent the information somewhat differently. As evidence, consider the
sites of three companies-suppliers of the world famous metalworking equipment company Haas
Automation, Inc. (USA) [5 - 7]:

1) Abplanalp (Poland, Switzerland, Ukraine, Lithuania, Estonia, Uzbekistan, Kazakhstan);

2) Abamet (Russia, Belarus);
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3) Teximp (Switzerland, Czech Republic, Slovakia, Slovenia, Croatia, Serbia, Bosnia and
Herzegovina, Bulgaria, Romania).

On these sites, consider the information provided by these companies about turning centers.

Therefore, the site [5] provides the following parameters of machines:

1) swing diameter (over front apron, over cross slide, over tailstock);

2) capacities (chuck size, maximal cutting diameter, maximal cutting length, standard bar
capacity);

3) travels and feedrates (X axis, Z axis, rapids on X, rapids on Z, maximal thrust X, maxi-
mal thrust Z);

4) spindle (maximal rating, maximal speed, maximal torque, spindle nose, spindle bore);

5) turret (number of tools, OD vs ID tools, boring bar rear clearance);

6) general (air required, coolant capacity).

The site [6] provides the following parameters of machines:

1) workspace of a machine tool (swing diameter over front apron, swing diameter over
cross slide, maximal cutting diameter, maximal cutting length);

2) spindle options (spindle nose, maximal speed, maximal torque, maximal rating, spindle
bore, standard bar capacity, chuck diameter);

3) feedrates options (X axis travels, Z axis travels, rapids, maximal thrust X, maximal
thrust Z);

4) turret options (type, number of tools, VDI type, size of lathe tool, tool indexing time);

5) accuracy options (positioning accuracy, repeatability);

6) CNC options;

7) connection parameters and settings;

8) design features;

9) basic equipment.

At request of the features about HAAS machines on site [7] the readdressing occurs on site
[8], where the following characteristics are presented:

1) swing diameter (over front apron, over cross slide, over tailstock);

2) capacities (chuck size, maximal cutting diameter, maximal cutting length, bar capacity);

3) travels and feedrates (X axis, Z axis, rapids on X, rapids on Z, maximal thrust X, maxi-
mal thrust Z);

4) spindle (maximal rating, maximal speed, maximal torque, spindle nose, spindle bore).

After detailed analysis in the above characteristics of the machine tool Xyt , it can be

concluded that the latter can be divided into two main groups:

1) X,\aaTr — characteristics of machine tool, which are determined by the characteristics of

S . ) t )
the part ¥ part , which is planned to be processed on this machine ( X,\a%rr CXut ) ;

own . . . own > own art
2) XmT — own characteristics of the machine tool (XmT CXuT; XMT =—'X|\F;|T ;

own part _ own part _ X
Xmr (Xt =95 Xur UXyr =Xur ).

. t g
Exactly, the first group of characteristics XyT  defines possibility to manufacture the

workpiece on the machine tool of that model.
Let us analyze the composition of the characteristics of this group and coordinate it with

the basic design and technological characteristics of the parts Y part (Fig. 1).
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Fig. 1. Linkages between and XyT and Y part
Source:designed by the authors.

Making connections between data inversion ert and Ypart in Fig. 1 (Fig. 2), we can

conclude that the geometry of surfaces is the dominant feature of the items in the solution of
the problem of choosing a particular model of machine tool, which can provide a process for
the manufacture of the part.
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Fig. 2. Inversion links between X,\F}aTrt and Y part
Source:designed by the authors.
The conclusion is clearly illustrated in Fig. 3, which shows quantitative characteristic link-

art
ages between Ypart and XhT
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Fig. 3. Quantification of links between Y part and X,\%t (as shown in Fig. 2)

Source:designed by the authors.

In Fig. 4 and Fig. 5 illustrates the stages of choosing models of metal cutting machines
depending on the parameters of the workspace and the capacities of the turret.
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Fig. 4. The choosing of metal cutting machines depending on the parameters of the work-

space: Dy - maximal cutting diameter, Loa, - maximal cutting length,

D22 maximal blank diameter, L”®™ - blank length

Source:designed by the authors.

Conclusions. Thus, in view of the above, it is possible to draw conclusions:

1) in the designing of a formalized methodology for selecting models of machine tools and
the creation of an appropriate mathematical software, special attention should be paid to the
geometric characteristics of the surface of parts;

2) given requirement should be satisfied not only with the choice of types of lathes, but
also in the choice of specific models of machines of all classification groups.
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Fig. 5. The choosing of metal cutting machines depend'ing on the parameters of the capacities

of the turret: Nfgg[ﬁt — maximal number of cutting tools in the turret,

thﬁ[: — number of cutting tools for the production of the part

Source:designed by the authors.
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TEOMETPUYHUI ACHHEKT BUBOPY MOJIEJIEM OCHOBHOTI'O
TEXHOJIOT'TYHOI'O OBJIA/ITHAHHA

Y npoyeci pozsumxy mawuno6yoienoco 6upoOHUYMEa NOCMIHO UHUKALU PI3HI 3A80AHHS, N08 S3AHI 3 BUCOMOGTIEHHIM
8UP0DI6 PI3AHHAM, Y 36 S3KY 3 YUM, NAPATENLHO 3 YUM NPOYECOM, KOHCMPYKYI MeManopizanbHux 6epcmamis maxkoxc nocmitiHo
BMIHIOBANUCS, PO3BUBANUCS MA 600CKOHANIOBANUCS, WO NPU3BENO0 00 6EIUUE3HOI KIIbKOCMI munie ma mooeiei 001a0HanHsL.
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Bubip obnaonanus ona opeanizayii upooHuymea € 0yxce HenpoCmuM 3a80aHHAM, MOMY WO Ol BUDIUUEHHS OCIMAHHBOZ0
HeoOXiOHi 1l xopowia npogecitina nio20moexa, i negrull 0a2axic HAKONUYEHO20 THHCEHEPHO20 00CBI0Y, | cheyianbHi Hasuuku. Kooy
MoOenb 00NAOHAHHA HEOOXIOHO 8UOUPAMUL, BUXOOAYU 3 KOHKDEMHUX NOmpeb ma 3a60anb 8upodHuymea. Ak 6yov-saxe npomucioge
00NAOHAHHS, MEMANOPI3ANbHULL 6ePCMAI € MIEI0 KAHOHOB0I0 IAHKOKW NPoYecy 8UpOOHUYMBA, KA BUSHAYAE NPUOYMOK I YChix abo
30UMKU Ma He8Oawy NIONPUEMCIBA NICTISL 6NPOBAOICEHHS PO3POONIEHO20 MEXHOIOSIUHO20 NPOYECY BUSOMOBIEHHS BUPODY.

Jlomenep memooonoziunuil acnekm upiuieHHs 3a0ayi uOOpy MemaiopizalbHUX 6ePCMAmis uje He0OCmamubo 8ionpa-
YbOBAHUI, MOMY Ye NUMAHHSL € OYJice AKMYANbHUM 3A60AHHAM, NIOXOOUMU 00 GUPIUEHHS AKO20 HeOOXIOHO 3 0CODAUBOI V6a-
2010 ma i0N0BIOANLHICIIO.

YV cyuacniii supobruuii npakmuyi npu 6ubopi OCHOBHO20 MEXHONOSIUHO20 OONAOHAHMA THHCEHEPU-NPOEKMYBANLHUKU
Oyofce Yacmo KepyromuCs iuue c80imu npogeciltHumu 3HaHHAMY MA HAKONUYEHUM 00C8I00M, d iHOOT 1l BPOCMO NOKAA0AI0MbCS
Ha éracHy inmyiyito. Taxuil nioxio, 6e3ymMoeHoO, MA€ i nNe6Hi He2camueHi pucu.

Memoto cmammi € cmeopeHHs MemoOON02IYHUX OCHO8 05 Db OOIPYHMOBAHO20 8UOOPY MOOeNell Memanopi3atbHUX
6epcmamis npu nPOEKMY8AHHI MEXHONOSIUHUX NPOYECI8 BUCOMOBNEHHS Oemdlell.

Y ecmammi 0o6edeno, wo came eeomempis nogepxons demani € OOMIHYIOUOI0 XAPAKMEPUCIUKOIO Oemai NPu GUPIUUEHH]
3a0aui UOOPY KOHKPEemHOI MOOei MemanopizaibHO20 8epCmMama, sKull Mooice 3abe3neuumu npoyec UeOMoGieHHs yiei demaii.

IIpu po3pobnenni popmanizosanoi memodonoeii 6ubopy mooeneti MemaniopizaibHuX 6epCmamie ma CmeopeHHi 6i0nosi-
OHO20 NPOSPAMHO-MAMEMAMUYHO20 3a0e3neyents 0COOUBY y8azcy HeoOXIOHO NPUOLIAMU 2eOMEMPUYHUM XAPAKMEPUCTUKAM
noeepxoub demani. s 6umoea nosuHHA BUKOHY8AMUCA He Juuie npu 8U6Opi Mooenell 6epcmamie MoKapHoi epynu, ane i npu
8UOOPT KOHKpEMHUX MoOelell 8epCmamis ycix Kiacu@ikayituux epyn.

Knrwwuoei cnosa: subip; oonaonauus, eepcmam,; 0emais, 2eOMEMpUuyHi XapaKmepucmuxu.

Puc.: 5. Bion.: 8.
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