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COMBINATION OF EDUCATION AND RESEARCH BASED ON
USING CAD/CAE SYSTEM SOLIDWORKS

High-quality higher technical education today 1s no longer possible without the
use of modern systems of automated design. computer modelling and engineering
analysis. One of the most powerful such systems 1s SolidWorks, which 15 widely used
at machine-bulding enterprises around the world 1n vanous mdustries [1].

Today. SolidWorks 15 actually an industrial standard 1n many countries and is
widely used by leading industrial enterpnises of Ukraine to design parts, assemblies
and machines of any complexity and purpose. The SolidWorks system 15 also used all
over the world for the traming of specialists at universities mn the study of the disciplines
of the engineening cycle - from computer modelling tasks to engineering analysis in
various directions, including calculations for strength. stability, stiffness. kinematics
and dynamics of technical systems, etc. [2. 3].

The SOLIDWORES centre of Khmeloytslkyr national university
(http://solidworks.com.ua) 15 the largest among higher education institutions of
Ukrame according to the results of its work, and the SohdWorks automated design
system itself 15 implemented at the faculty of engineenng, transport and architecture as
part of the comprehensive computer training of students of technical specialties within
a mumber of academuic disciplines [4, 5].

When designing structures that work under mechanical load conditions, there 15
a need to predict physical and mechanical characteristics and quality indicators m a
three-dimensional aspect. One of the most effective numerical methods of project
calculations 1s the finite element method implemented in the SolidWorks application —
SolidWorks Simulation. Its charactenistic feature 1s a direct transition from a
continuous object to a discrete object through the approximation of the geometry of the
object under study [6. 7].

Thus, the authors of [8] designed a stand for repairing car gearboxes, which 1s
designed to facilitate the work of technical personnel 1n the process of disassembling,
repainng and assembling gearboxes, create better working conditions and increase
work efficiency. At the same time, the followmng were considered:

— capabilities and features of SolidWorks from the pomt of view of preparing
models for engineering analysis. in particular, for strength calculations;

— the purpose of the CAE component of the system — SolidWorks Simulation
and the main aspects of the analysis.
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As part of the wotk, a solid-state model of the stand bushing was built and 1ts
stress-strain state was simulated (the matenial of the bushing 15 C45E steel). It was
established that 1ts mmimum margin of strength 15 npy = 4.102e+02, which 1s much
more than the permussible [fpgm] = 5. Therefore. the purpose of this study 1s the
possibility of replacing steel 45 with cheaper and more accessible steel of st 3 (fig. 1).

Hma:  1,1191 (C45E) Hma:  Crane 3 MTOCT 535-B8
Tun mogens:  MuseiEnE Ynpyrai Tun mogend:  NuHedHsi Yipyras
MaoTponHeIE MaoTponHeH
KpHTepuH NPouHOCTH  MAHCHMMANRHOS HpMTepHH NPOUHOCTH  MEHCHMANEHOS

Mo YMOMYaHHI:
Npegen TeRypuecTr:
Npegen ApoYHOETH

NpH PACTAREHHMH:

HENpAMEHHE von Mises
5,65e+08 M/m"2
7.5e+08 M/im"2

MO Yo mdaHM:
MNpegen TeRyYecTH:
Mpegen NpoYMOCTH

HEMPAREHHE ¥On Miges
2,25e+0B N/m"™2

4, 49+0B H/m"2

NPH PacTRAMEHHH!

Mogynae ynpyrocrs: |~ 2,1e+11 H/m"2 Mogyne ynpyrecri: 2, 0Se+11 N/m"Z
}{D?dﬂl}ul.l,HEHT 0,28 Hn:wlpq“-rr 0,29
Nyaccona: MNyaccoxa:
Maccoean 7 800 kg/m"3 Maccosan 7 330 kg/m"3
MNOTHOCTE: MAOTHOCTE:
Moayne caaura: | 7, %e+10 M/im"1 Mogyns capwra: 7, 9e+10 H/m"2
Hoadspyment  1,1e-05 /Kelvin Hoaddmument  1,162-05 /Kelvin
TENAGEOTD TEMNOBOro
paCLIHEHHAL PACIHPEHMHA:
a b

Fig. 1. Properties of C45E steels (a) and Art. 3 (b)

By repeated calculations i SolidWorks Simulation [9]:

— drvided the bushing model into finite elements (4 Jacobian points, element size
3.13452 mm, tolerance 0156726 mm, mesh quality high, number of nodes 24147 total
elements 14483, maximum aspect ratio 16.133);

— built a matrix of its ngidity;

— carried out the synthesis of the fimte elements of 1ts model;

— solved the resulting system of algebraic equations;

— determined the components of the stress-stram state (table 1, fig. 2).

Table 1
The results of the study of the bushing model
Tension The resulting Equivalent Margin of
Steel Von Mises displacement strain durability
(max). o, MPa URES ESTEN FOS

(max.), h, mm | (max.), 5, mm | (min.), Hmwmn

45 1.377e+06N/m"2 1,985e-05 2.822e-06 4,102e+02
Node 688 Node 1885 | Element 5273 Node 688

Cr.3 1,387e+06N/m"™2 2.020e-05 2.926e-06 1,622e+02
Node 688 MNode 1885 | Element 5273 Node 688
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Fig. 2. Plots of maximum stresses VON (node 688). maximum resulting
displacements URES (node 1885), maximum equivalent stramns ESTRN (element
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5273). munimum margin of strength FOS (node 688) of the sleeve model made of
steela. ce.g—45:b.dfh-Art 3

Since the minimum coefficient of safety margin for a bushing made of steel Art.
3 15 Oyin = 1.622e+02, which 15 more than the permissible [y ] = 5, then its margin of
strength 15 sufficient.
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Annpeeea Biktopia Ipaniena

CHHEPI'IH HABYAHHA TA TOCALITAKEHD Y MIATIOTOBLI
DAXIBUIB 3 ABTOMATH3ALIL KOMII'OTEPHO-ITHTETPOBAHHX
TEXHOJOI'TH TA POBOTOTEXHIKH: IPOECKTHO-JOCALIHHUBKHHA

MEAXIA

Y cyuacHoMY CBITI IIBHIKA EROMIOLIA TeXHONOriH BHMarae Bl MaiDyTHIX
IHHEHEPIE HE THIIE BONOJIHHA TEOPETHHHHMH 3HAHHAMH, A H HARHYOK NPOBEIcHHA
HAVKOBHX JOCHLIKEHB, po3po0KH Ta BOpoBAL#xeHHA IHHOBaumii. [loegHaHHs

611






