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APPLICATION OF APM WINMACHINE SOFTWARE FOR DESIGN
AND CALCULATIONS IN MECHANICAL ENGINEERING

Purpose. To conduct the research at all stages of design, development, operation, residual operation life deter-
mination, namely, preliminary study, action principle choice, design of draft and technical projects, their optimiza-
tion, preparation of design documentation and control information for automated production, comprehensive engi-
neering analysis, it is required to use the latest computer technologies. Their use can not only present data and in-
formation in some way, but also gives the opportunity to effectively and directly interact with the information object
that is created or demonstrated. Methodology. To perform engineering calculations associated with the analysis of
the strength of machines, mechanisms, constructions one uses both analytical and numerical methods in practice.
The most common method for analysing the stress-strain state of object models, obtaining their dynamic and stabil-
ity characteristics at constant and variable modes of external load is the finite element method, which is imple-
mented in many famous and widespread software products, providing strength calculation of models of machines,
mechanisms and structures. Findings. The use of modern software for designing machine parts and various types of
their joints and for strength analysis of structures is justified. Colour charts for distribution of stresses, displacement,
internal efforts, safety factor and others allow accurate and quick identification of the most dangerous places in the
structure. The program also provides an opportunity to «look» inside the elements and see the resulting distribution
of internal force factors. Originality. The paper considered the aspects, which are unexplored at present, associated
with the current state and prospects of development of industrial production, the use of software package for design
and calculations in the mechanical industry. The result of the work is the justification of software application for
solving problems that are aimed at using research findings for various practical tasks in specific fields of mechanical
engineering. Practical value. Compared with other software systems, popularity of the considered one is explained
by easy mastering of the system, quick implementation both in training and in production process The organiza-
tional structure, «friendly» graphical interface and accessible language make learning and use of the program very
convenient. These and other factors actually reduce the time for project implementation, emphasize the relevance
and the practical importance of the software system, which is appreciated by its users.

Keywords: modern software package; mechanical engineering; machine; mechanism; structure; engineering cal-
culation; strength

Introduction One of the most complicated and most critical in-
dustries is machine building. Its share in total indus-
trial production and the size of export of engineering
products are the indicators that most accurately de-
termine the general level of economic development.
In the modern context mechanical engineering plays

Industrial production is one of the main parts of
the national economy of any country that provides
vital interests, economic security, social and cul-
tural level of the population, determines the techni-
cal and economic potential [15, 18].

doi 10.15802/stp2016/67328 © L. O. Neduzha, A. O. Shvets, 2016

129



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. Bicauk J{HinponeTpoBchKoro
HaLiOHAIBHOIO YHIBEPCHTETY 3ali3HHYHOro TpaHcnopty, 2016, Ne 2 (62)

PYXOMUI CKJIAJL I TSTA IIOT3/1IB

an important role in accelerating scientific and tech- Mechanical engineering is the leading sector,
nological progress because it largely determines its  whose share by value is about 1/3 of the world in-

general directions and is the foundation of the econ-  dustrial production (Fig. 1, a) [15].
omy, plays a crucial role in creating and updating its
material and technical base.
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Fig. 1. State of development geography of:
a — mechanical engineering and metalworking of the world; b — engineering industries of Ukraine
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Inter-branch economic complex of Ukraine in-
tegrates the system if research, design and techno-
logical organizations, enterprises, whose products
have common economic purpose, production and
operational similarity. Location of enterprises of
various engineering branches depends on such fac-
tors as the level of science; availability of appro-
priate human resources, raw materials, consumer
(Fig. 1b). [18].

Purpose

Nowadays, on the days of rapid development of
computer information technology, no sector of the
national economy can do without modern software
systems to perform complex engineering calcula-
tions and to make the right decisions. To conduct
the research at all stages of design, development,
operation, residual operation life determination,
namely, preliminary study, action principle choice,
design of draft and technical projects, their optimi-
zation, preparation of design documentation and
control information for automated production,
comprehensive engineering analysis, it is required
to use the latest computer technologies. Their use
can not only present data and information in some
way, but also gives the opportunity to effectively
and directly interact with the information object
that is created or demonstrated. These and many
other problems are solved with the help of modern
information technologies that confirms the rele-
vance of their application.

Topicality. In today’s world the computer in-
formation technology is rapidly penetrating into all
spheres of activity — today the successful are only
those sectors of the national economy, only those
educational institutions or commercial companies
that own the latest computer technologies. Over the
past decade they have undergone such a global
expansion, that it is hard to imagine human life and
production activities without them.

At this stage you can easily give examples of
the use of information technologies in all areas:
from education to management. Significant pro-
gress is achieved in the field of education due to
introduction of appropriate computer technology
that can make the knowledge-gathering process
available, remote, flexible, individual [13]. That is
also true of mechanical engineering, including the
transport one (Fig. 2), as the complexity of the en-
gineering calculations and making the right deci-
sions requires increasing use of advanced computer
systems and technologies [1, 7]. Their use can not
only present data and information in some way, but
also gives the opportunity to effectively and di-
rectly interact with the information object that is
created or demonstrated. These and many other
problems are solved with the help of modern in-
formation technologies that confirms the relevance
of their application.
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b, c

Fig. 2. Multiple-unit car body:
a — calculation model; b — chart of the stress-strain state;
¢ — chart of the total linear displacement distribution; d — chart of the frequency of free oscillations

Software packages for various purposes skil-
fully use modern computer technology (mathe-
matical modelling, knowledge and data bases,
computer networks, expert systems and decision-
making systems, multimedia information technol-
ogy, information resources of the Internet) at all
stages of design, development, exploitation to de-
termine the residual operation life, namely: pre-
liminary study, action principle choice, design of
draft and technical projects, their optimization,
preparation of design documentation and control
information for automated production, comprehen-
sive engineering analysis, etc. [14, 23 — 25].

Methodology

To perform engineering calculations associated
with the analysis of the strength of machines,
mechanisms, constructions one uses both analytical
and numerical methods in practice [4, 6, 19, 22].

The most commonly used method for analysis
of stresses and deformations is Finite Element

Method (FEM) [2, 11, 17, 21]. It was first elabo-
rated in the 50 years of the twentieth century to
solve the problems of strength of materials. It is
known that the strength of materials is the science
of engineering calculation methods of machine
elements, mechanisms and structures for strength,
rigidity, stability and belongs to fundamental dis-
ciplines of general engineering training of special-
ists with higher technical education. This is the
first discipline that establishes a link between fun-
damental scientific disciplines (physics, mathemat-
ics, theoretical mechanics) and applied problems
and methods for their solution, resulting in the de-
sign of machines, building structures [8].

During the operation of machines and struc-
tures their elements are exposed to different forces
— loads. To ensure the normal operation the struc-
ture must meet the required conditions of strength,
rigidity and stability:

Strength is the ability of structure elements to
withstand some load without destruction;
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Rigidity is the ability of structure elements to
resist to deformation caused by external load;
herewith the deformation should not exceed the
permissible ones;

Stability is the ability of structure elements to
maintain a certain original shape of the elastic
equilibrium.

The main purpose of strength of materials is to
provide structural strength. It occurs in the form of
direct and inverse problem: the direct problem
(projecting calculation) is to find reliable (in terms
of strength) dimensions of the machine or structure
elements, so that they could withstand a set load
over the required period of time at the lowest cost;
the inverse problem (checking calculation) is to
check whether the element of already existing
mechanism or structure meets the strength re-
quirements in case of change of a set load, or it
needs replacing or strengthening [8].

Thanks to scientists, since 1970, FEM has be-
come increasingly popular among engineers of all
specialties; at that time the first software FEM sys-
tems were developed. Now it is the main method
of computational mechanics, which forms the basis
of most modern software systems designed to per-
form engineering tasks in various fields [2, 11, 17,
21].

Thus, quality improvement of the mechanical
equipment and structures must be connected pri-
marily to reduction of their weight and cost, in-
creased reliability and improvement of a number of
other characteristics. Currently, the topical prob-
lem is combination of two mutually exclusive ten-
dencies in the design: material savings on the one
hand, and providing the necessary strength charac-
teristics of structures on the other hand.

This can be achieved through the use of com-
puter technology. Today it is impossible to create
high-quality, reliable and competitive equipment
without thorough engineering analysis of projected
objects using modern software and making appro-
priate design decisions based on it. The engineer-
ing analysis means primarily the designer’s study
of stress-strain state (SSS) of designed object mod-
els, obtaining their dynamic and stability character-
istics at constant and variable modes of external
load. Assessment of SSS requires the knowledge
about distribution of stresses in the elements of
designed machines and structures, values of indi-
vidual point displacement both due to static nature

of the external load, and in terms of the loads that
vary over time.

Currently, due to the active implementation in
engineering practice of computer technology, the
most efficient approximate method for solving this
class of applied problems in mechanics is the finite
element method (FEM) [5, 10, 20].

FEM key idea is as follows: the solid medium
(design model) is replaced with the discrete one
by splitting it into finite elements (FE). The behav-
iour of each medium is described by a separate set
of functions that represent the stress and displace-
ment. Finite elements are connected with nodes;
FE interaction is realised only through nodes. Lo-
cated in a certain way, depending on object design,
and secured in accordance with the boundary con-
ditions, finite elements can adequately describe the
diversity of models of parts and structures [9].

The end element can be imposed with external
loads (concentrated and distributed forces and
moments), which are applied to the element nodes
and are called nodal loads.

When calculating using FEM first the dis-
placements of model nodes are determined. The
values of element internal forces are proportional
to displacements of the element nodes. Proportion-
ality factor is square matrix of element rigidity,
whose number of lines equals to the number of
degrees of element freedom (in general, this is the
product of the number of degrees of node freedom
by the number of element nodes). All other pa-
rameters of the final element, such as internal
force, stress, displacement field, etc. are calculated
on the basis of its nodal displacements.

Finite element method allows almost full auto-
mation of calculation of mechanical systems, but
usually requires much more computing operations
compared with the classical methods of mechanics.
The current level of computing development opens
up opportunities for the introduction of FEM in
engineering practice [9].

FEM is implemented in many famous and
widespread software products, providing strength
calculation of models of machines, mechanisms
and structures.

The complete finite-element analysis requires:

— Choosing the type of finite element (for the
entire model or its individual parts), that will help
adequately model the real structure;

— Building the model of a designed object in
three dimensions;
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— Splitting the model into finite elements;

— Performing the full range of necessary calcu-
lations;

— Visualizing the results and interpreting them
correctly to take the right design decisions.

Findings

In modern conditions to improve efficiency,
achieve the highest quality and feasibility of re-
sults, among many of today’s software packages,
APM WinMachine came into widespread use. This
is knowledge-intensive software, created on the
basis of modern engineering methods of design,
numerical methods of mechanics, mathematics and

a

modelling, which combines the experience of pre-
vious generations of designers, mechanical engi-
neers and other professionals with the capabilities
of computer technology, to the utmost adjusted for
work on design and construction of facilities of
engineering and construction industries [1, 9].
APM WinMachine software package allows the
user to create three-dimensional models of random
machines, mechanisms and structures (Fig. 3).
Models consist of a rod, shell and solid elements;
constructive models of shell and solid types can be
imported from any third-party dimensional image
editors, using a standard interchange format.

Fig. 3. Examples of creation of:
a — solid models; b — model of sports complex bearing structure
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ARM WinMachine system consists of the fol-
lowing set of modules [1, 9]:

— APM Graph — flat drawing and graphics edi-
tor for execution of design documentation, which
has convenient features of parametric geometry
task (Fig. 4) [12, 16];

— APM Studio — module for creating three-
dimensional surface and solid models with built-in
generator for splitting into finite elements (Fig. 5 a,
b)[1,9];

— APM Mechanical Data — database of stan-
dard parts and components, reference data for gen-
eral engineering (Fig. 5,);

— APM Matcrial Data — module for storage and
edit of material parameters;

— APM Construction Data — database of graph-
ics on standard parts and elements of building
structures (Fig. 5, g);

a

— APM Technology Data — database of stan-
dard information data for process design;

— APM Base — module for creating and editing
databases;

— APM Book — electronic textbook «Funda-
mentals of Machine Design», which sets out the
basic calculation methods implemented in ARM
WinMachine System;

— APM Beam — module for calculation and de-
sign of beam construction elements;

— APM Structure3D — module for calculation
and design of random structures, consisting of
plate (Fig. 6), rod (Fig. 6 B), volume (Fig. 6) ele-
ments and their random combinations due to finite
element method [1, 9].

Fig. 4. Drawings and finite element model of:
a — railway wheel; b — tower crane
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Fig. 5. Examples of display:
a — result of automatic work of FE-mesh generator in adaptive splitting mode; b — image transmission using the STEP
format of three-dimensional model AdemCAD in dimensional projection module APM Studio; ¢ — database and example
of an anchor point of rolled section; d — example of inserting a section parametric model from the database
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Fig. 6. Various types of element visualization:
a — flat, frame, 3-D models of plates; b — wire, frame, 3-D models of rod;
¢ — plate, frame, 3-D lighted models of volume element

ARM Structure3D module allows calculating
the stress-strain state of structures in static mode,
performing calculations for resistance and deter-
mination of natural frequencies [1, 9], analysing
the behaviour of structures at random dynamic
loads (Fig. 2, 7) [12];

— APM Joint — module for calculation and de-
sign of joints of machine parts and structural ele-
ments, which allows complex calculations of all
types of threaded, welded, riveted joints and con-
nections of rotation details;

— APM Trans — module for design of transmit-
ting rotation intended to calculate all kinds of
gears, as well as worm, belt and chain gear drives,
to generate drawings of the gear elements in auto-
matic mode;

— APM Shaft — module for calculation, analy-
sis and design of shafts and axles;

— APM Bear — module for calculation of im-
perfect rolling bearings, allowing a comprehensive
analysis of rolling-contact bearings of all known
types;

— APM Plain — module for calculation and
analysis of radial and thrust bearings operating un-
der conditions of fluid and semi-fluid friction;

— APM Drive — module for calculation and de-
sign of random structure drive, planetary and wave
gears. It allows complex calculation of kinematic
characteristics and design of drive as a whole and
its individual elements with automatic generation
of drawings of parts and assemblies including the
body;

— APM Spring — module for calculation and
design of springs and other spring-elastic elements
of machines (Fig. 8).
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Fig. 7. Charts of metal structure calculation results:
a — distribution of equivalent stresses of tower crane; » — distribution of tower crane displacements;
¢ — buckling mode and chart of frequencies of container gantry crane free oscillation
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Fig. 8. Models of spring-elastic elements

— APM Car, APM Slider — modules for calcu-
lation and design of camshaft mechanisms with
automatic generation of drawings and linkage
mechanisms of random structure;

— APM Screw — module for calculating imper-
fect forward motion gears; able to calculate the
screw shift gear, ball-screw and screw planetary
gears;

— APM Technology — module for process de-
sign.

APM WinMachine software is flexible, reliable
means of design and analysis; runs on most popu-
lar operating systems of computers — from PC to
workstations and supercomputers. Despite the fact
that APM WinMachine program has a variety of
sophisticated options, its organizational structure
and user «friendly» graphical interface makes
learning and application of the program very con-
venient. At the same time the program is com-
pleted with documentation that enables to deal
with the order of implementation of complex
works online. The system «menu» includes «intui-
tive» features, helping the user to control the pro-
gram effectually. Output data can be entered using
the manipulator «mouse», keyboard or by combin-

ing these two options [1, 9].

The easiest communication way with APM
WinMachine package is the use of menu system,
called the user graphical interface (Fig. 9 a).

In all versions of APM WinMachine software
package the on-screen menu (Fig. 9, a) includes
windows, among which the key ones are as follows
[1,9]:

1. Utility Menu — contains service functions
used during the entire session on APM Win-
Machine software, such as file and image man-
agement and settings; this «menu» also provides
the program exit.

2. Input Window — allows direct entry of em-
bedded commands.

3. Standard Toolbar — contains buttons for fre-
quently used software commands.

4. Additional Toolbar — contains commands
and functions of APM WinMachine (Fig. 9, b).

5.Graphic Output Window display of
the main relevant information on current work
(Fig. 9, ¢).

6. Quick Access Toolbar — located below the
graphic output window, helps perform online op-
erations.
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Fig. 9. General view of:

a — menu system; b —

toolbar «View filtersy;

¢ — dialog window showing displacement and load in nodes

Thus, APM WinMachine software package
helps get the results (Fig. 10, 11), the main of
which are as follows [3]:

— The static calculation results: structure node
displacements (linear and angular); load at the ends
of rods, at the nodes of plates and volume ele-
ments; epures of force factors for the whole struc-
ture; tensions existing in rods, plates and volume
elements; stress distribution in random section of
the rod; design parameters specific to a single
beam, such as bending moments, torsion, lateral
and axial force, angles of bending, twisting, de-
formation and strain along the beam length. All
these options are in the form of graphs displayed in
the coordinate system of the rod; reactions (forces
and moments) acting in bearing supports; structure
weight.

— Nodal displacement and load at the ends of
rods, at the nodes of plates and volume elements
are displayed in the form of table.

— The results of nonlinear calculation are the
same parameters as for linear static calculation.

— The result of the strain calculation are the
same options as for the static calculation, plus the
critical buckling load parameter of the 2nd kind
and the buckling mode.

— The result of calculation of the natural fre-
quencies include: a few first frequencies of the
structure free oscillations; corresponding forms of
free oscillations.

— Calculation results for structure forced oscil-
lations are as follows: structure node displace-
ments; stresses existing in rods, plates and volume
elements; reaction in the bearing supports; free
frequencies and free forms of oscillations.
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— Calculation of load capacity of metal struc-
ture rod elements is performed for structural ele-
ments and in this version of APM Structure3D is
implemented in accordance with the requirements
of SNIP «Steel structures». Rod element
strength/resistance can also be tested by classical
methods of strength of materials.

— The result of the contact interaction calcula-
tion is the stress-strain state of structural model and
the distribution chart of normal and tangential
forces, mutual penetration and state of contact
elements in the contact area.

— The result of the stability calculation is the
structure stability factor and the buckling mode.
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Fig. 10. Example of bus carcass calculation:
a — general view of calculation model, b — chart of equivalent stress distribution;
¢ — chart of displacement distribution
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Fig. 11. Mobile track crane boom:
a — calculation model; b — chart of equivalent stress distribution;
¢ — chart of the total linear displacement distribution
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Analysis of results. APM WinMachine system
has a wide range of options for displaying the re-
sults. Such calculation results as stress, displace-
ment, force, safety factor, etc. in rods, plates and
volume elements can be displayed as a chart of
results [1, 3, 7, 12, 16]. Chart of results is a three-
dimensional structure, painted in colours in accor-
dance with the values of the selected component of
the results on the surface. Colour charts for distri-
bution of equivalent stresses (Fig. 2 b, 4 a, 7 a,
10 b, 11 b) and displacement (Fig. 2 ¢, 7 b, 10 c,
11 ¢) internal efforts, safety factor and others allow
accurate and quick identification of the most dan-
gerous places in the structure. The program also
provides an opportunity to «look» inside the ele-
ments and see the resulting distribution of internal
force factors. For more complete presentation of
results the user has an opportunity to build epures
of various force factors on the structure 3D-model,
to display reactions in support points, to evaluate
the general parameters such as weight, maximum
stress, displacement, to produce a summary table
of output by metal structure elements.

Originality and practical value

Compared with other software systems, APM
WinMachine popularity is explained by easy mas-
tering of the system, quick implementation both in
training and in production process [1, 3, 7, 12, 16],
due to the fact that there is:

— the largest number of nodes;

— user-friendly interface of all system modules;

— wider range of operations within both each
module and the entire software system as a whole;

— system building based on existing national
standards, regulations and principles of design;

— possibility of calculations simultaneously in
several modules, which speeds up the work proc-
ess, reduces the risk of erroneous data entry.

In addition, organizational structure, «friendly»
graphical interface and accessible language make
learning and use of the program very convenient.
These and other factors actually reduce the time for
project implementation, emphasize the relevance
and the practical importance of WinMachine soft-
ware system, which is appreciated by its users.

The paper considered the aspects, which are
unexplored at present, associated with the current
state and prospects of development of industrial
production, the use of software package for design

and calculations in the mechanical industry. The
result of the work is the justification of software
application for solving problems that are aimed at
using research findings for various practical tasks
leading to development of new equipment, ma-
chinery, mechanisms, etc. to obtain a direct eco-
nomic benefit in specific fields of mechanical en-
gineering.

Conclusions

The end product of mechanical engineering is
machinery, equipment, appliances, instruments and
services for all industries without exception. To
conduct the whole complex of calculations both for
separate kit parts, assemblies, mechanisms and for
finished products of kit parts, among many of to-
day’s software packages, APM WinMachine came
into widespread use. Its use for performance and
design of machine parts and various types of their
joints and for strength analysis of structures is jus-
tified; it actually reduces the problem solution
time.

This will allow producing the equipment up to
the best analogues, optimal in price, power con-
sumption, etc., and as a result, competitive at the
world market.
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3ACTOCYBAHHAA ITPOI'PAMHOI'O KOMIIVIEKCY APM
WINMACHINE ITPU ITPOEKTYBAHHI TA PO3PAXYHKAX
Y MAHIMHOBYJIYBAHHI

Meta. /Iy npoBeJeHHS AOCIIUKEHb Ha BCIX eTanax MpOEKTYBaHHs, PO3pOOKH, eKCILIyaralii, BU3Ha4eHHS
OCTAaTOYHOTO pecypcy (a came: MONMEPETHBOrO JOCHIPKECHHs, BHOOPY MPHHIUINB Jii, PO3pO0OOK ECKi3HOro Ta
TEXHIYHOTO MPOEKTIB, iX ONTUMI3alii, MATOTOBKA KOHCTPYKTOPCHKOI IOKyMEHTALIl Ta Kepyrouoi iHpopmaii s
aBTOMATH30BAHUX BHPOOHHUIITB, BCEOIYHOIO iH)XCHEPHOIO aHali3y) HEOOXIJHO BMKOPHCTOBYBATH HaiiCydacHiii
KOMIT'IOTEpHi TEXHOJIOTiI. [X BHKOPHCTaHHS 103BOJAE HE NMINE BiATBOPIOBATH JaHi i BiIOMOCTi TMM Y iHITUM
croco0oM, a TaKOXK Ha/Ta€ MOXKITUBICT e()eKTUBHO Ta O0e3MocepeTHhO B3aEMOIIATH 3 iHQOPMAIHHUM 00’ €KTOM, IO
CTBOPIOETBC 200 MEMOHCTPYEThCS. METOI0 MOCHIKCHHS € aHalli3 TEOPETHYHHX IMiIXOMIB Ta MEXaHI3MiB
3[IACHEHHS NPAKTHYHUX PO3PAXYHKIB y Taly3sX NMPOMHUCIOBOCTI JUIsS BHPILICHHS CYYacHHX 3aad 3a IOIIOMOTO0
porpaMHuX KoMiutekciB. MeToauka. [Ipy BUKoHaHHI iHKEHEpHUX PO3PaxyHKIB, ITOB’A3aHUX 13 aHATI30M MIITHOCTI
MAaIlliH, MEXaHi3MiB, KOHCTPYKII, HAa MPaKTUI[i BUKOPUCTOBYIOTh SK AaHAJITHYHI, TaK 1 YHCEIbHI METOIH.
Haiibinpimoro momupeHHs NpH aHaji3i HampyXeHO-Ie(GOpPMOBAHOTO CTaHy Mojened 00’€KTiB, OTPUMaHHS iX
JUHAMIYHUX XapaKTEePUCTUK 1 XapaKTePHCTHK CTIHKOCTI NPU MOCTIMHMX Ta 3MIHHUX PEXHUMax 30BHIIIHBOTO
HABaHTXXCHHS OTPUMAaB METOJ] KIHLEBMX €JEMEHTIB, SIKMH peali30BaHO B 0araTthboX BIIOMHX W IIUPOKO
PO3MOBCIO/KEHUX MPOTPAMHUX MPOJYKTaX, M0 3a0e3MeuyroTh MIIHICHHA pO3PaxyHOK MOJEICH MaIlKH,
MEXaHi3MiB, KOHCTPYKLii. Pe3yabTraTtn. OOIpyHTOBaHO BHMKOPHCTaHHS PO3MIITHYTOTO Cy4YacHOTO IPOIPaMHOTo
KOMIUIEKCY JUIS TMPOCKTYBAaHHS JeTajeid MallMH W PI3HOMAHITHUX BHIIB iX 3’€IHAHP Ta MIIHICHOTO aHAJI3y
KOHCTpyKUii. KosbopoBi KapTH po3nofiy HarpyKeHb, IepeMillleHb, BHYTPIIIHIX 3ycwib, KoedilieHTiB 3amacy
MIITHOCTI Ta iH. MO3BOJIOTH IyXKE TOYHO 1 IIBHAKO BHU3HAYATH HAHOUTBII HeOE3MewHi MICIS B KOHCTPYKIII.
[Iporpama 3abe3medye MOXIHMBICTH «3ariITHYTH» BCEpEAWHY EIEMEHTIB Ta MOOAYHUTH PO3IMONIT BHHUKAIOUHAX
BHYTPIIIHIX CHIOBMX YHHHUKIB. HaykoBa HOBHM3HA. PO3IIITHYTO HENOCHTIIKEHI Ha MaHWW MEpioN acIeKTH, IO
IOB’A3aHI 3 Cy4YacHHMM CTaHOM Ta MEPCHEKTHBAMH pO3BHUTKY IIPOMHCIOBOTO BHPOOHHLTBA, BHUKOPUCTaHHSI
MPOTPAaMHOTO KOMIUIEKCY TIpH MPOEKTYBaHHI Ta pO3paxyHKax y MammuHOOymiBHIA Tamy3i. Po3pobieno
OOTpYHTYBaHHS 3aCTOCYBaHHS IPOTPaMHOTO KOMIUIEKCY AJIS PO3B’SI3aHHS 3a7ad, sIKi CIIPSIMOBAaHI HA BUKOPHCTAHHS
pe3ynbTariB  JOCHIIKEHb Ui PI3HUX MPAaKTUYHUX 3aBAaHb Yy KOHKPETHUX Tally3sX MalInHOOYXyBaHHS:.
IpakTHyHa 3HAYUMIiCTh. Y MOPIBHSHHI 3 IHIIMMH IPOrPAMHUMH KOMIUIEKCAMH TIOIYJISIPHICTD JITAaHOTO TIOJISTaE
y JIETKOMY 3aCBO€HHI CHCTEMH, HIBHAKOMY BIIPOB3/DKCHHI SK y HaBUAIBHWH, TaK 1 y BUPOOHHYMHA HpPOLIECH.
OpranizaniiHa CTpyKTypa i «apyxHii» rpadiunuii iHTepdeiic, MOCTYNHICTH MOBH pOOJSATH BHBYEHHS Ta
3aCTOCYBaHHS IPOTpaMu ayxke 3pydHuM. Lli Ta iHII YMHHUKK peajbHO CKOPOYYIOTH Yac Ha peai3alliio MPOeKTiB,
MiAKPECTIOITh aKTYAIBHICTh Ta MPAaKTUYHE 3HAYCHHS IPOTPAaMHOT0 KOMIUIEKCY, 110 TTIOBHHHO OYTH TiIHO OI[IHEHO
HOTo KOPHCTYyBaYaMH IIPH NPOBEICHHI IT0JaIbIINX JTOCIIIKEHb.

Kniouosi cnosa: cyyacHWi NpOrpaMHHN KOMIUIEKC; MalIMHOOYAyBaHHS; MalllWHA; MEXaHi3M; KOHCTPYKLs;
IHKEHEPHUH po3paxyHOK; MilTHICT
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MNPUMEHEHUE TIPOT'PAMMHOI'O KOMIUVIEKCA APM
WINMACHINE ITPU ITPOEKTUPOBAHNU U PACYETAX
B MAIIMHOCTPOEHUH

Hean. [ns mpoBeneHWs WCCIEJOBAaHMH Ha BCEX JTalmax IPOEKTHPOBAHMS, pa3pabOTKH, SKCILTyaTaluy,
OTIpEJIETICHNs] OCTAaTOYHOTO pecypca (2 UMEHHO: IPeIBapUTEILHOIO HCCIIeIOBaHNS, BEIOOpA IPUHIIUIIOB JEHCTBHS,
pa3paboTOK ICKM3HOTO ¥ TEXHMYECKOTO MPOEKTOB, HX ONTHMHU3AINH, OJrOTOBKH KOHCTPYKTOPCKOM JOKYMEHTAINH
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W ynpasisitolei uHGopManuy s aBTOMaTU3UPOBAHHBIX IPOU3BOJICTB, BCECTOPOHHETO MHXEHEPHOTO aHajIK3a)
HEOOXOANMO HCIIOJIb30BAaHUE CaMbIX COBPEMEHHBIX KOMITBIOTEPHBIX TexHoJoruil. X ucrosibp3oBaHue MO3BOJISIET
HE TOJIBKO BOCIIPOM3BO/IUTH JI@aHHBIE M CBEJCHHUS TEM MJIM MHBIM CIIOCOOOM, a TaKkKe MPEAOCTaBIISIET BO3MOYKHOCTh
3¢ PEKTHBHO M HEMOCPEICTBEHHO B3aMMOJEHCTBOBATh ¢ MH(POPMAIMOHHBIM OOBEKTOM, KOTOPBIA CO3MAaeTCS WM
JneMoHcTpupyeTca. Llenplo  HWccnenoBaHuS  SIBISETCS aHAINM3 TEOPETHYECKHX IIOJXOM0B W MEXaHH3MOB
OCYIIIECTBIICHHSI NPAKTHYECKUX PACUETOB B OTPACISAX INPOMBIIUICHHOCTH [UIS DEIICHHS COBPEMEHHBIX 3a7ad
C TOMOIIBIO NPOrPaMMHBIX KoMIUIeKcOB. MeToamka. Ilpu BBIOTHEHMM WH)KEHEPHBIX PACUYETOB, CBSI3aHHBIX
C aHaJIM30M MPOYHOCTH MAIIWH, MEXaHHU3MOB, KOHCTPYKLHUH Ha NPAKTUKE HCIOJIB3YIOT KaK aHAJIMTHYECKHE, TaKk
W 4KcJIeHHble MeTo/bl. Hanbomblee pacnpocTpaHeHne NPy aHaIM3e HapsHKEHHO-1e(QOpPMUPOBAHHOTO COCTOSHUS
MoJieNiel  OOBEKTOB, IOJYYCHUS] WX JUHAMHYECKUX XapaKTepUCTUK W XapaKTEPUCTUK YCTOMYMBOCTH MPHU
MOCTOAHHBIX U NEPEMEHHBIX PCKUMaAX BHEIITHEH HarpyskKuy nojyuus ME€TOA KOHCYHBIX 3JIEMEHTOB, peaﬂl/ISOBaHHLII‘/II
BO MHOTHX M3BECTHBIX M IIUPOKO PacHpOCTPAaHEHHBIX MPOrPaMMHBIX MPOAYKTAX, 00ECHEYNBAIOMINX IPOYHOCTHOM
pacder Mozened  MalMH, MEXaHW3MOB, KOHCTpyKuui. Pe3yabraTrel. OOOCHOBaHO  HCIIOJIH30BAHHE
paccMaTpruBaeMoro COBpEMEHHOTO IPOrPaMMHOI'0 KOMIUIEKCA /sl IPOSKTUPOBAHMS JIETAJICH MalllMH U Pa3iIMYHbIX
BHUJIOB UX COECOUHEHHH M IMPOYHOCTHOIO aHaliM3a KOHCTPYKUMM. LIBeTHbIe KapThl pacrpeneieHus HanpsKEHUH,
NepeMeIIeHNH, BHYTPEHHUX YCIINH, KO3 (HUIIMEHTOB 3amaca MPOYHOCTH U JIp. HO3BOJISIFOT 0Y€Hb TOYHO U OBICTPO
OTpenensATh HanboJee OmacHble MecTa B KOHCTPYKUMH. [IporpamMma oOecrieuMBaeT BO3MOXKHOCTH «3ariITHYTH»
BHYTPb 3JIEMEHTOB U YBUAETh PAacIpeAeiIeHIe BO3HUKAIOINX BHYTPEHHUX CHIIOBBIX (hakTopoB. HayuHast HOBM3HA.
PaccMOTpeHB! HEHCCIIEIOBAaHHBIE HAa JAaHHBIM IIEPHOJ ACHEKThl, CBA3aHHBIE C COBPEMEHHBIM COCTOSHHEM
U TIEPCIIEKTHBAMH Pa3BUTHUS MPOMBIIIIEHHOTO MPOU3BOACTBA, HCIOJIB30BAHUS NPOrPAMMHOTO KOMILIEKCA MHpU
NPOCKTUPOBAHMM M pacueTax B MallMHOCTPOUTENBHON oTpaciu. Pa3zpaboTaHo 00OCHOBaHWE NPUMEHEHUS
MIPOrpaMMHOT0 KOMIUIEKCA JJIS PEIIeHUs 3a1a4, HalPaBJICHHBIX HA UCIIONIb30BaHUE PE3YIbTaTOB UCCIEJOBAHUMN IS
Pa3lIMuHBIX NPAKTUYECKUX 3a]au B KOHKPETHBIX OTpaciisiX MammuHocTpoeHus. IIpakTuyeckasi 3HaYMMOCTh. [1o
CPaBHEHUIO C JIPYTUMH MPOTPAMMHBIMU KOMIUIEKCAMH IIOIYJIIPHOCTb JTAHHOTO 3aKJIIOYAETCsl B JISTKOM YCBOCHUH
CHCTEMBI, OBICTPOM €ro BHEIPEHWH KakK B y4eOHBIH, Tak M B IPOM3BOJCTBEHHBIH Hpouecchl. OpraHu3anioHHas
CTPYKTYpa U «IPYKECTBEHHBII» rpaduueckuii HHTepQec, TOCTYIHOCTD S3bIKa IEJAI0T N3yYeHNEe W NPUMEHEHHE
IpOrpaMMbl O4€Hb YAOOHBIM. OTH W Apyrue (akTOpbl PeanbHO COKpAIaloT BPEMS Ha pEealM3alfio IPOEKTOB,
MOJYEPKUBAIOT aKTyaJbHOCTh W MPAKTUYECKOE 3HAYEHHE IMPOIPaMMHOTO KOMITIEKCa, YTO JOJDKHO OBITH TOCTOHHO
OLIEHEHO €T0 MOJIb30BATENISIMH IIPU NMPOBEICHUH JATbHEHIINX UCCIECAOBAHUM.

Kniouegvle cnosa: COBpPEMEHHBIH MPOTPaMMHBIH KOMIUIEKC; MAIIMHOCTPOCHHE;, MallMHA; MEXaHU3M;
KOHCTPYKINS; NH)KEHEPHBIN pacyeT; IPOYHOCTh
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