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ABOUT THE FEATURES OF COMPUTER MODELING FOR PIPE
PRODUCTION PROCESSES

Memor 0ano020 00CHiOHCEHHs € BUBHAUEHHSA KOHYenylll ma Memoodie npoeedeHHs eeKkmusHo-
20 KOMN'tomepHoeo MOOen08anHts, po3pooKa SHYUKUX KOMN TIOMePHUX Npocpam Oiist GUPIUEHHS npo-
Onem supobHuymea mpyo.

Poszensnymo ingpopmayitino-komn'tomepruil acnekm CUCMeMHUX 00CHIONCeHb npu po3pooyi
MoOenetl supobruymea mpyo6. Y moil sice uac, inghopmayitino-008iokoea iHghopmayis npo npedmem
MOO€NI0BAHHS, Peali308ana y 6ueasidi pisHuUx 63 OAHUX Ma 3HAHb, eKCNEPMHI CUCTNEMU, WO GUKOPUC-
MOBYIONb HOBIMHI 3ACO0U THPOPMAMUKY, HAOAIOMb 3HAYHY 0ONOMOZY HA NOYAMKOBUX emanax nooy-
0osu mooenel. Pozensanymo ingopmayitino-008i0K08ULl acheKm KAacu@ikayii mexHoi02iuHux npoye-
ci6 8upoOHUYmMEa mpyo Oas BUKOPUCMAHHS OOCTIOHUKOM ) HOULYKY HeoOXiOHOT inghopmayii, KopucHol
Y KOMN'TomepHoMy MOOeN08aHHI.

Kniouosi cnosa: nanpyosicennsi;, MOOeN0BAHHS, ACOPUMM,; KOHYENYIs.

The purpose of this study is to determine the concepts and methods for conducting effective
computer modeling, developing flexible computer programs in relation to the problems of pipe pro-
duction.

The information-computer aspect of system research in the development of pipe production
models is considered. At the same time, out information and reference information about the subject of
modeling, implemented in the form of various databases and knowledge, expert systems using the lat-
est informatics tools, provides significant assistance at the initial stages of building models. The in-
formation and reference aspect of the classification of technological processes of pipe production for
use by a researcher in the search of the necessary information useful in computer modeling is consi-
dered.

Keywords: stress; modeling, algorithm,; concept.

Formulation of the problem

In recent years, more and more attention has been paid to the modeling of various technologi-
cal processes, including the processes of pipe production. This is relative in to the fact that in a market
economy, the main task of production is to getting maximum profit at minimal cost, and one of the
numerousexpenses points is testing new products and launching new equipment.

Research and experiments in real pipe production have their disadvantages [1]:

- high energy costs and the risk of producing poor quality products, which will most likely
have to be melted down;
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- inability to change process parameters over wide ranges;

- the probability of an accident and equipment breakdowns.

Therefore, improving the technological processes of pipe production, as well as obtaining a
new assortment of pipes requires additional costs.

Analysis of recent research and publications

However, with the apparent progress of computer simulation in various fields and the availa-
bility of a large number of simulation tools, ranging from universal mathematical packages [2,3], sta-
tistical processing systems [4,5], simulation modeling packages [6,7] and ending with specialized
packages of modeling pressure- treating metals [8—10], during modelling processes in pipe produc-
tion researches don't use them widely. In addition, despite the large accumulated potential of many
research teams [10—12], it is unsatisfactory to present mathematical models in the form of modern
competitive software packages with a developed graphical interface to apply in production. Develop-
ers of computer models do not actively use modern means of development, environment and language
of object-oriented design technologies.

Formulation of the research objectives

Currently, the requirements for the reliability of the experimental researchresults are increas-
ing, however the high cost of materials or new equipment does not allow a researcher — a specialist in
the field of pipe production to fully carry out experimental justifications of new technologies or the
intensification of existing traditional ones. At the same time, computing power of computer technolo-
gy increases with a significant decrease in its price and an increase in the number of programs, tools
intended for modeling in the field of pipe production.

The purpose of this work is to determine concepts and methods for conducting effective com-
puter modelling and developing flexible computer programs for pipe production problems.

Presenting of main material

The logical solution to this problem is the widespread use of methodology of computer model-
ling of objects and processes of pipe production, in which researchers can "reproduce" different
process scenarios, investigate the properties of metal in a deformation zone to find rational processing
modes and predict product quality.

The gist of such a methodology is to replace the original object with its "image" — the model
and further study of the model using computer-implemented algorithms.

Working not with the object or technological process itself, but with its model enables rela-
tively quickly and without significant expense to investigate its properties and behavior in any imagin-
able situations. At the same time, computer and simulation experiments with models objects allow,
based on the modern computing power methods and technical tools of informatics, to thoroughly and
deeply to study objects in a sufficiently complete, inaccessible to purely theoretical methods of vo-
lume.

At the first stage, an "equivalent” of the object is constructed, which reflects in mathematical
form of its most important properties — the laws to which it obeys, the bonds inherent in its constitu-
ent parts, etc. The synthesis of an object model is carried out with the use of system analysis apparatus
and object decomposition.

At the second stage, an algorithm is being developed to implement the model on a computer in
a form convenient for applying numerical methods, and determination of a sequence of computational
and logical operations that need to be done to find the desired quantities with a given accuracy. The
computational algorithms should not distort the basic properties of the model, and consequently, the
original object, as well as be economical and adaptable to the features of the tasks and the technical
means used.

At the third stage, programs are created that "translate" the model and algorithm into a lan-
guage accessible to the computer and to which requirements of economy and adaptability are pre-
sented. They are called the "electronic”" equivalent of a studied object, suitable for direct testing on a
"pilot plant" — a computer. Currently, there are large number of programming languages, tools and
design tools for computer system for modelling purposes, in particular object-oriented programming.

Creating a computer model in the form of appropriate software, the researcher gets a univer-
sal, flexible and inexpensive tool, which is first tested in "trial" computing experiments. The coinci-
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dence of the numerical values of the 10 characteristics of the object and model at the characteristic
points of the factor space is checked. After the requirements of the model adequacy of the original ob-
ject are satisfied, various and detailed experiments are conducted to give all the necessary qualitative
and quantitative characteristics of the object. As necessary, the modeling process is accompanied by
the improvement and clarification of all elements of the model.

For modeling in the program, it is necessary to enter the rheological properties of the material
[13]:

- curves of plastic flow of material at different temperatures and deformation rates;

- physical characteristics of the material, such as thermal conductivity, thermal diffusivity,
density, etc.;

- critical conversion points at different cooling rates (thermokinetic diagrams).

The basis of computer modeling in pipe production is the use of modern software. The follow-
ing systems of three-dimensional design are used for design development of technologicalmodels
processes and formation of drawings: Pro / Engineer, Solid Edge, SolidWorks, "Kommnac 3D", Auto-
CAD, ZWCAD and others.

At the same time, specialized software complexes such as QFORM, Forge 3, DEFORM, AN-
SYS, PAM-STAMP, AutoForm, etc., are becoming more widely used to model the processes of pipe
production and predict metal behavior under the action of deforming loads and deformation condi-
tions.

Tabl. 1 shows a list of software that allows you to calculate the parameters of pipe production
processes.

Table 1. Computer programs and their developers

Program Developer
QForm «KBanTop®Dopm»
Deform ScientificFormingTechnologiesCorporation

AutoForm MetalFormingSystems, Inc

AutoForm AutoForm

Ansys ANSYS, Inc

LS-Dyna Livermore Software Technology Corporation (LSTC)
Forge Transvalor

SuperForge  Superforge

The result of the solution is displayed in the form of a picture in which different areas with
different deformation or temperature colors are marked [14].

The main reasons for the creation and active use in the pipe production of these computer pro-
grams are:

- the need to reduce the development time of technological processes, the time of designing
equipment and conducting research works when implementing processes in production;
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- obligatory reduction of the cost of false technological and design solutions before the begin-
ning of industrial experiments, increase of reliability of the developed technical activities, including
technological processes of pipe production;

- active development of computer equipment and technology with the simultaneous course of
the education system course for training users with personal computers makes it possible to involve
software modeling of pipe production processes for enterprises and organizations of different levels.

Applying modern CAD / CAM systems makes it possible to achieve significant optimization
of design processes. The following systems of three-dimensional design are used for the design devel-
opment of technological processes models and the drawing of drawings.

1.SolidWorks — CAD software complex for automation of the industrial enterprise at the
stages of design and technological preparation of production, which provides the development of
products of any complexity and purpose and works in the Microsoft Windows environment.

2. AutoCAD is a two- and three-dimensional computer aided design and drawing system de-
veloped by Autodesk. AutoCAD and specialized applications based on it have been widely used in
engineering, construction, architecture and other industries. The current version of the program (Au-
toCAD 2014) includes a complete set of tools for complex 3D modeling (solid, surface and polygonal
modeling is supported). AutoCAD allows you to get high-quality visualization model rendering using
the mental ray rendering system. The program also implements 3D printing management (modelling
results can be sent to a 3D printer) and point cloud support (allows you to work with 3D scanning re-
sults). However, it should be noted that the lack of three-dimensional parameterization does not allow
AutoCAD to compete directly with middle-class engineering CAD system such as Inventor, Solid-
Works, etc. AutoCAD 2012 includes Inventor Fusion, which implements direct modelling technology.

3. ANSYS — universal finite element analysis software is quite popular with experts in the
field of automatic engineering calculations (CAE, Computer-Aided Engineering).

4. In the United States, Scientific Forming Technologies Corporation (SFTC) has developed a
specialized software engineering complex DEFORM, designed for the analysis of metalworking
processes, heat treatment and machining, which allows you to check, refine and optimize technologi-
cal processes directly at the computer, not in during experiments on production by trial and error. Due
to this, the time of production is significantly reduced, its quality is increased and the cost is reduced.

5. Unigraphics NX is a leading CAD / CAM / CAE system built on the best technologies de-
signed to create products of any complexity. The main task of the system ultimately is to reduce the
cost of the product, improve its quality and reduce the time to market. This enables companies to pay
back the investment spent on the purchase and implementation of Unigraphics in the short term. An
important advantage of the system is that it is the only CAD / CAM / CAE top-level system on the
market that has a Russian interface and documentation in Russian.

6. QForm 7- is a new software product that meets the most up-to-date requirements in the
modeling of metalworking processes. The creation of the new version used many years of experience
in the development of the program, as well as took into account the current requirements and trends of
market development. As a result, the new program has collected the most advanced modeling tech-
niques, became more convenient and acquired the flexibility needed to further develop modern soft-
ware. The program has acquired a new architecture, data structure and interface. The changes made it
possible to significantly expand the range of tasks to be solved and make the program faster and easi-
er. The interface part and the program kernel work independently. Information is exchanged between
them using files that store the output and the simulation results.

The new data structure was specifically designed to manage large arrays of data that are cha-
racteristic of finite element modeling. Now access to the data has become faster and more convenient,
with all the steps of the simulation being recorded, and the calculation of a large number of additional
parameters is carried out in the post-processor mode after the end of the simulation. View results are
much faster and can be done right during the calculation. The Source Preparation Wizard and the
Source Editor have convenient access to the QForm database. Data management and view results are
separated from the core of the program. This allows you to use your computer's memory more effi-
ciently, and you can view all the results right during the calculation.
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The calculation of Langrangian lines, traced points and other additional functions is carried
out in the postprocessor. The postprocessor also allows you to calculate some user-specified functions
and provides export of results to other programs. The 2D and 3D models are fully integrated and now
use a common interface that uses the same commands. This means that both models have the same
capabilities except those specific features that are used only for 2D or 3D modeling only.

The use of the above programs has expanded the capabilities of computer simulation in pipe
production and has formed a whole class of new tasks:

- associated thermal task of the workpiece with tools;

-connected mechanical problem of viscous-plastic workpiece;

- modeling of several deformable blanks;

- modeling of component 3D tools with pre-stressed tool;

- elastic — plastic deformation of the workpieces, residual stresses in the workpiece.

All this has led to the extension of modeling methods:

- explicit and implicit time integration schemes;
is a new method of generating a finite element grid.

Conclusions and prospects for further research

As a result of the performed research, the goal was achieved and the following results were
obtained.

1. The analysis of the systematic approach in the development of models describing different
processes and objects in pipe production is carried out. It is shown that in order to create flexible,
competitive models, suitable for further implementation in the form of computer software, in the de-
velopment it is necessary to approach from systematic positions by performing a sequence of stages of
model construction: "system-wide model — system model — constructive model".

2. The information-computer aspect of system studies in the development of pipe production
models is considered. At the same time, essential information on the subject of modeling is provided
in the initial stages of model construction by providing various databases and knowledge, expert sys-
tems using the latest tools of informatics.

3. The analysis of widespread use of computer modeling in pipe production is carried out —
development of class libraries that describe many types of objects or processes. This component ap-
proach reduces the time and cost of developing computer models. The most promising for this purpose
is the use of software packages such as QFORM and DEFORM, which have proven themselves well
in solving such problems.

4. The information and reference aspect of the classification of technological processes of pipe
production is considered, for the researcher to use in finding the necessary information useful in com-
puter simulation. Some issues of use of modern means of informatics are discussed.
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PO OCOBJIUBOCTI KOMIT'IOTEPHOI'O MOJAEJKOBAHHS MPOLECIB
BUPOBHHUILITBA TPYB
Caskun C.B., KpuBopyuko O.H.

Pedepar

MeTor0 TaHOTO AOCTiIKEHHS € BU3HAUCHHS KOHIIEMIIH Ta METOIIB MPOBECHHS e()EeKTHBHOTO
KOMIT'IOTEpPHOI'0 MOJIETIOBAHHS, PO3pO0Ka 'HYYKHUX KOMIT FOTEPHUX MPOrpaM sl BUPILIEHHS podieM
BUPOOHUIITBA TPYO.

3nificCHEHO aHaji3 CUCTEMHOTO MiIXO0y MPU PO3pOOII MoJeNeH, 10 OMUCYIOTh Pi3HI MPOIeCcH
Ta 00’ekTH y BUpOOHUNTBI TpyO. [lokazaHo, MmO AN CTBOPEHHS THYYKHX, KOHKYPEHTOCIIPOMOXHHX
MoJernel, MPUAATHUX AJIS MOJaNbIIOl peanizalii y BUTJSAI KOMII IOTEPHOT'O MPOrpaMHOro 3abdesre-
YEeHHS, MPU PO3pO0IIi HEOOXiTHO MIIXOAUTHA 3 CUCTEMATHYHHUX IMO3UIli, BUKOHYIOUYH TIOCIiIOBHICTh
eTamniB MoOyJIOBU MOJENI: «3arajJbHOCHCTEMHA MOJEb - MOAETb CUCTEMHU - KOHCTPYKTHBHA MOZEIbY.
PosrisiayTo iH(OpMaILiifHO-KOMIT'IOTEpHUI acleKT CHCTEMHHX IOCTIDKEHb NMPH po3poOIi Momerneit
BHPOOHUIITBA TPpyO. Y TOM ke Yac icTOTHA iH(opMallis moA0 MpeaAMETa MOACIIOBAHHS HAIa€ThC Ha
MOYAaTKOBUX €Tarax MoOyI0BH MOJEII IUISIXOM HaJaHHA pi3HUX 0a3 JaHUX Ta 3HaHb, EKCIIEPTHUX CH-
CTEM i3 BUKOPHUCTaHHAM HOBITHIX iHCTpyMeHTIB iH(opMmaTuku. [IpoBOANTHECS aHaI3 IUPOKOrO BUKO-
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pPHUCTaHHS KOMIT'IOTEPHOTO MOJIEMIOBAHHS Y BHPOOHUUTBI TpyO — po3poOka 6i0mioTek KiaciB, 110
OMUCYIOTH Oarato THIIB 00'€KTiB uM mporeciB. Llell KOMIMOHEHTHHI MiAXiA CKOPOUYYE Yac i BATPATH Ha
PO3pOOKY KOMIT'IOTepHUX Mozeneld. HalOinbIn nepcreKTUBHUM [T i€l METH € BUKOPUCTAHHS TPO-
rpamaux naketiB, Takux sk QFORM ta DEFORM, sixi noOpe 3apekoMeHIyBaiu cede y BHpIlIEHH]
nofibHux mpobneM. PosrisiHyTo iH(pOpMamiiHO-IOBIAKOBHM acmeKT kiaacudikamii TEXHOIOTTYHHX
MpoIeciB BUPOOHULITBA TPYO, KU JOCITIIHUK Ma€ BUKOPUCTOBYBATH ISl MOIIYKY HEoOXigHOI iH(O-
pMarii, KOpUCHOT y KOMI'IOTEpHOMY MoJentoBaHHI. OOroBOPIOIOTECS JeAKi MUTaHHS BUKOPHCTAHHS
Cy4acHHX 3ac00iB iH(OPMAaTHKH.
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