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(6mokHSSA 30Ha) 00pa3IOB TPAH3UCTOPOB C HApYIIIe-
HUEM LEJIIOCTHOCTH KPHUCTAJUTMUECKOH CTPYKTYpBI
B BHJC OOIIMPHBIX TPEIIMH, OepylmuX Hayajo
n3 001aCTH CBapHBIX TOUYEK 3aTBOPHOTO MEXKCOEIH-
HeHUs (JieBasi CTOpOHA TI/T KPUCTAIUIOB).
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Pucynok 3 — JlazepHbie pOTOAKyCTHIECKHE TOOTPaMMbI
o0pasuos Tpan3uctopoB NeNel2, 14, 9 ¢ HapyieHuem
LEJIOCTHOCTH KPHCTAJUIMIECKON CTPYKTYPBI
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Pucynok 8 — JlazepHbie (OTOAKYCTHUCCKUE TOMOIPAMMBI
obpasuos NelNe 16, 21, 20
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Ha puc. 4 npuBenens! nazepHsie Goroakycruye-
CKHC TOIIOI'paMMbl ()IaJ'H:HSISI 30HaA, OXBaTbIBArOLIIas
MOHTa)XHYIO KOHCTPYKIIHIO «IOTIOKKA —
9BTEKTUKA/TIPUITON — I1/T1 KPUCTAILT»), HA KOTOPBIX
00JTacTH KAYECTBEHHOTO COCIMHEHUS OKpaIlCHBI
CHHHM [BETOM, a OOJIACTH OTCYTCTBHS aIre3uu —
3eNEHBIM, KPaCHBIM M O€JbIM, 4TO B OOIBIIEH cTe-
meHn KacaeTcst oopasia Ne 20.

BruIBOABI

1. MonTtax n/m kpuctayoB NeNe 14, 21, 9, 8 sB-
JIA€TCA HCYAOBJICTBOPUTCIIbHBIM. Bcnencmue 3TOr0
TOTOBBIC M3JCNUs HE OyayT 00JaaaTh SKCIUTyaTalu-
OHHOM HaA&KHOCTHIO. DTO OTHOCUTCS KO BCei
rpymme oOpa3loB KacCeTHOW TEXHOJOTHH COOpKH,
pu4éM MOHTaKHAs KOHCTPYKIus oOpasma Ne 20
paspymmiack, 0 4éM CBHICTEIBCTBYET OTCYTCTBUE
OCTaTOYHBIX MEXaHMUYCCKUX HAMPsHKCHUI.

2. Ucxons u3 aHanu3a TONOIPamMM, IPUBEACHHBIX
Ha puc. 3, B KPUCTAIUIMICCKOW CTPYKType 0OpasIoB
NoNe 12, 14, 9 obpazoBanuch OOIMIMPHBIE TPEIMHBI 1
BBIKOJIBI, TIEPECEKAIOIINECS CO CBAPHOM TOUKOW O/U-
HapHOW TMepeMbIUKH (3aTBOP) HAa KOHTAKTHOM ILIO-
LIaJKe KPHUCTAIa. JTO CBS3aHO CO CBEPXKpPHUTHYE-
CKHMM PEXHUMOM CBapKH WJIM HECTaOMIILHOCTBIO Pado-
Thl  YJIBTPA3BYKOBOIO TIeHeparopa BO  BpeMs
(hopMHPOBaHUS MEKCOCIMHEHHH, TAK)KE CYIIECCTBEH-
HBIA BKJIAJI B HECTAOMIBHOCTH IPOIIecca CBApKU BHO-
CAT MYCTOTHI U 00JIACTH YaCTHYHOM aare3uu (Wi eé
OTCYTCTBHE) B MOHTQ)KHOM CJIO€ «TIOJIOXKKA - IBTEK-
TUKA/TIPUIIONA - T/l KPUCTALD», YTO TIPHUCYIIEC BCEM
HCCIICTIOBAaHHBIM 00pa3IaM.
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Computer modeling is one of the effective meth-
ods for studying complex systems. Computer models
are simple and convenient for computing experi-
ments. Computer modeling provides an opportunity
to study processes in dynamics, managing their du-
ration, perform multiple tests of the initial model, to
obtain various characteristics of the object in numer-
ical or graphical form, to find the optimal design
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solution without the production of prototypes. In
computer modeling, the method of final elements,
the method of final differences, the method of node
potentials, etc., is used [1].

The use of the final elements’ method for today
is in fact the world standard for calculations of com-
ponent designs. The basis of this is the universality
of the method, which allows the only way to calcu-
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late the design of parts with different properties of
materials. Flexibility of the final elements’ method
provides multivariate design methods [2].

Therefore, the final elements’ method is a uni-
versal tool for analyzing component designs and,
among many CAD / CAM / CAE models, the soft-
ware package for fina element analysis, is important.

The main idea of the final elements’ method is
that any continuous value, such as temperature, pres-
sure and displacement, can be approximated by a
discrete model that is built on the set of piecewise
continuous functions defined on a final quantity of
subdomains. Piecewise continuous functions are
defined by means of values of a continuous quantity
at a final quantity of points in the domain under con-
sideration.

A discrete model is very easy to create if we first
assume that the numerical values of this value in
each inner region are known. Then you can go to the
general case. Consequently, when creating a discrete
model of continuous value, proceed as follows:in
this area, a final number of points is fixed. These
points are called nodal points or nodes; the value of
a continuous value at each point is considered as a
variable to be determined; the area of definition of a
continuous value is divided into a final number of
areas called elements. These elements have common
nodal points and in aggregate approximate the shape
of the region; the continuous value is approximated
for each element by a polynomial, which is deter-
mined by the nodal values of this bigness.

For each element it is determined by its polyno-
mial, but the polynomials are selected so that the
continuity of the value along the elements borders
(which is called the element’s function) is preserved.
The choice of the elements’ form and their functions
for specific tasks determines the accuracy of an ap-
proximate solution and depends on the ingenuity and
skill of the engineer [3].

The modern progressive software environment
for solving engineering analysis’ issues is FEMAP,
which allows the creation of final element models of
components, complex products and systems, and
perform analysis of the results. FEMAP helps to
clearly present a pattern of behavior of the product
under investigation [4].

Using FEMAP numerical simulation tools it is
possible to: evaluate and improve performance and
product quality; reduce the financial costs of parts’
manufacturing; compare different variants of con-
struction geometry and materials used; optimize the
design of the parts and reduce the materials’ cost.

Final elements’ method is a powerful tool for de-
termining the potential deformations caused by the
machining process. Using the results of the final ele-
ments analysis, one can project and predict potential
deformations and reduce overall production costs.

The initial calculations’ stage of the structural el-
ement is an analysis of the body's geometry, condi-

tions of its loading, material properties, and the crea-
tion of a calculation model. The calculation model is
a certain approximation to the real body from the
material of its production and operating conditions.
It allows doing a numerical calculation of the design
of a part based on its geometry, material, initial and
boundary conditions [5].

In order to perform computer modeling, the
«rocker» piece with a length of 155 mm, the largest
width of 30 mm and a height of 9.5 mm has been
selected and has an axial hole with a diameter of
6.1 mm made of steel 40X DSTU 7806: 2015.

The drawing of the details in the software system
FEMAP began with the definition of the coordinates
of the «final and transitive» points of this detail and
their inclusion in the program. After drawing these
points, they were connected by lines, which allowed
obtaining a two-dimensional drawing of the detail.
Then, using the «Geometry — Boundary Surface —
From Curves ...» command, the boundary surface is
constructed. From the constructed boundary surface,
with the help of the command "Geometry — Sol-
id — Extrude» received a solid detachment. In the
future, using the same command, they rounded the
details of the edges and made the holes in the neces-
sary places.

To create a final elements” model, you need to add
all the material’s characteristics of the detail «rocker»
(the command «Model — Material ...»). In these
characteristics, all necessary values of its physical and
mechanical properties are indicated: Poisson's coeffi-
cient, material density, Young's modulus, and others.

The command «Model — Property...» initiated the
dialog box «Define Property», which called the button
«Elem / Property Type ...» for the corresponding pan-
el in which the type of final element "Solid" was se-
lected. To create a final element grid based on the
created «firm» body, the command «Mesh — Geome-
try — Solids ...» was used. It calls the Automesh Sol-
ids dialog box, which selected the previously created
final elements’ properties, and has the option «Mid-
side Nodes», which creates intermediate final ele-
ments’ nodes for the approximation of body geome-
try. After pressing the «OK» button, the KES genera-
tion was performed. Next, you need to specify the
boundary conditions that simulate fastening the part in
the assembly unit. Load on the model represented as
arrows in its direction and numerical value.

Thanks to the extensive final element library of
the desired shape, the mesh generators of Femap SW
allow the creation of high-quality CE mesh and ob-
tain accurate solution results. FEMAP gives you the
ability to completely control all grid generation pa-
rameters, such as grid spacing, creating a grid for
small parts, rising coefficients, accounting for small
geometric elements, etc. With complex geometry, it
is often necessary to modify the grid in those areas
where special calculation accuracy is required. The
tools of the Meshing Toolbox of the FEMAP soft-

257



11-5 Meacoynapoonas nayuno-mexnuueckas kongepenyus «Ilpubopocmpoenue — 2018»

ware allow you to do this by modifying the grid step
parameters in the source model in interactive mode;
the grid will be updated automatically. In addition,
by modifying the grid, you can immediately analyze
the quality of the final elements created by means of
a graphical scale in order to make sure that the cre-
ated final element model meets the quality criteria

To display a tense-deformed state of the detail,
the command «View— Select» prompts the appro-
priate dialog box «View Select», where in the sec-
tion «Model Style» the option «Draw Model» is
selected, in the section «Deformed Style» — «De-
formy, in the section «Contour Style» — «Beam Dia-
gramy». The button "«Deformed and Contour Da-
ta...» initiates the dialog box «Select PostProcessing
Data», where in the section «Output Vectors» was
selected from the list: «1..Total Translation» corre-
sponding to the total vector displacement, and in the
section «Contour» — «60031..Solid Von Mises
Stress», corresponding to the equivalent stress on the
hypothesis of the energy of molding (Mises) for vol-
ume KE. After pressing the button «OK» the created
model appears in a deformed state. The right side of
the graphical interface of the program is a color dia-
gram that reflects the value of equivalent stresses for
the Mises hypothesis for volume KE [5].

FEMAP allows you to view text information
about the results of the analysis. To this end, the
command «List — Output — Unformatted ...» was
executed. In the dialog box «Entity Selection — Select
Output Set(s) to List», all items were selected, and in
the dialog box «List Unformatted Output», the line
«1..Total Translation» was selected for information
on the total vector displacement. Below the working
plane in the dashboard «Messages» is a list of KE
numbers and values of the corresponding values.

The modelling results of the detail’s elastic state
made it possible to determine the localization loca-

VIK 546.02+546.05

tion and the values of stresses and deformations that
arise during the operation of the rocker in the as-
sembly unit. Thus, the method of final elements is a
powerful tool for determining the potential defor-
mation caused by the machining process. Using the
results of the analysis by the final elements’ method,
it is possible to project and predict potential defor-
mations and reduce the total cost of production.
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YJIbTPA3BYKOBOE BO3I[EFICTBHE B ITPOLECCE 30JIb-TEJIb CUHTE3A
T'A30YYBCTBHUTEJIbHBIX OKCH/HBIX MATEPUAJIOB
Iaiigyk FO.C.!, Peyrckas O..2, Hatapos B.O.!, Capuuxnii A.A.!

' Benopyccruii 2ocyoapcmeennbiii ynueepcumem, Munck, Pecnybnuka Beaapyce,
2Benopycckuii nayuonansiolii mexuuyeckuil ynusepcumem, Munck, Pecnybnuxa Benapyco

B nocnennee BpeMs DOCTaTOYHO MIMPOKO H3yda-
I0TCSI BO3MOXKHOCTH YJIBTPa3ByKOBOIO METOJA I
HOJIyYEeHHs] HAHOIMCIIEPCHBIX OKCHIOB METaJlJIOB.
W3BecTHO, 4TO B OOJNBIIMHCTBE CIIy4acB yMEHBIICHUE
pa3Mepa 4acTHI] U YBEJIWYEHHE YISIbHON TOBEPXHO-
CTH TPUBOJHUT K 3aMETHOMY BO3PACTaHHIO T'a30BOU
qyBCTBUTENBHOCTH TTOTYTIPOBOIHHKOBBIX OKCHJIOB.

OnHOAIEKTPOJHBIE MOJIYIPOBOIHUKOBBIE PE3H-
CTUBHBIC JAaTYUKH, MPEICTABIISIONINE COOOH Kepa-
MHYECKYIO KallCyJly Ha CIIUpald M3 TOHKOH IIIaTH-
HOBOH mpoBosiokH (20 + 50 MKM), HAIUTH IIHPOKOE
MPUMEHCHUEC [JIA aHajlk3a Ia30B pa3J'IH‘-IHOI71 XHUMH-
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YEeCKOU npupoJbl, B YaCTHOCTH [JIA OIIPCACICHUA
COJIepIKaHuUs KUCIOPO/ia, METaHa, MporaHa, MOHOOK-
cuja yriepoja, xjaopa u ammuaka [1, 2]. B kauectse
ra304yBCTBUTEIHLHOTO MaTepHaia B TAKUX CEHCOPax
OOBIYHO BBICTYMAIOT TBEPIBIC pacTBOphI (Ga, In)203,
MoJy4aeMble 30J1b-reib MeTojoM. C 1Ienblo TOBBI-
MICHUS Ta30a/ICOPOIIMOHHON aKTUBHOCTH K TEM WIIH
WHBIM Ta3aM B COCTaB YKa3aHHON KOMITO3UIIMH MO-
TYT BBOIUTHCA Pa3lIMYHBIC T00aBKH. B wacTHOCTH,
nob6aBka WO3 MO3BOJISET MPAKTHUECKA HA TOPSA0K
MMOBBICUTh  YyBCTBHUTEIBHOCTH  OJHO3JIEKTPOTHBIX
CEHCOPOB K IUOKCUAY a3zoTa [3].





