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Abstract. The applicabion of SolidWorks Sinmlstion i1s considered for
caloulations on the static strength of the lock of the repair stamd for reducers
sutomobile. The resalts of calculstions of the dependence of stresses, displacements,
deformation and safety margin on static loads according to the theory of specific
energy of deformation are given.
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The extreme operating conditons of elements of modem stouchmes, the
conmplexity of their chape and larpe dimencions meke it extremely difficult and
expensive o cary ow fll-scale or semy-full-scale experiments. aspectally when it
comes to establishine linut (destructive) loads. The creation of stractures of this type
is inmpossible without mprovement and swomation of the desizn process, the use of
new meaterials and technologies [1, 2]

Ar the moment sfands for diszssembline and assembling reducers of
subomobiles are not used o awho repalr shops, and the existing designs are not unified
{they are used only for a certain modsl and its modification). All operatons of
disacsambline and assembling reducers are camied out on metalwoerking machinss. In
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thiz connection, a stand for repainng redocers of rear axles of cars was developed
e 1k

Fig. 1. Stand for repairing reducers of rear axles of cars

This stand is infended for faster and more comvenient disassembly and
assembly of reducers of rear axles of cars info assembliss and parts. Conpared with a
rack for disassembly and assembly, the mechanization and swomation of the process
increases, the work become: easier, and the convenlence and quality of umit repair
IncTeases.

The need to infrodoce complex equipment inte production in a short peniod of
time leads to the creation of sutomsted design systems. Soength caloulation plays an
important role in these systems.

MNowadays, CADVCAE systems are inreasingly used m the educafional process
of enginesring wmiversities. They provide a quick and acourate solusion of techmical
problent in three-dimencional space on 2 computer. The fact is that the methods of
three-dimensional modsling (sold swface, hytnd) moplemented by modem
CADCAE systems fimdamentally change the methodolozy of desizn and prodoction
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preparation. At e same Gme the mam and primary camier of infommation about e
desizmed object is its 3D mode] and the drawings aeated according to this mode] are
a secondary form of displaying the object.

Cme of these CADVWCAFE systemns is SolidWorks (SW) - a software complex for
mnomating the work of an industrial emterprize at the stages of design and
technological preparation of producton In 5W, you can work with both solids and
surfaces aqually well (as 2 rale, a part s 4 solid 3 surface, or & combination of a solid
and a set of surfaces).

SW Simpmlation iz a 5W application designed for solving problems of the
mechanics of a deformed solid body using the finite element method This is softaare
for calculations of static stremgth and stability in linear and non-linear construction,
selection of natral frequencies, opimizstion of the shape of parts and assemblies n
linear constaction, analysis of fatizue and behavior of the structhure when falling.

The program wses the gepmetric modsl of the part or SW assembly to form the
caloulation model Infegraton with 5W makes it possibls to mimmize operatons
associgted with specific feamre: of fmite-clement approximation Bowndsry
conditions are assigned in relation to the geometic model. Procedures for presenhing
results have the same feahares.

SW Sinmilation i built on the basis of the finite element method. Let us note
some features of it inmplementation in this program.

SW Siomlation wuses three basic types of finite elements: volometric
isoparamemic tetrabedra, riansular shell elements. and beam elements. The frst two
types of fimite elements can have a linesr or parabolic displacement field (constamt
sirain or linear strain Seld).

The program allows the coexstence of solid and shell fnite elements in one
modal. Moreover, hybnd grnds work both in linear snd non-linear caloulation models.
However, beam'rod elements do not interface with any other types of finite alements.

Contact finite elements, at least in an explicit form are absent in the program
Based on inditect observations, it can be stated that the consideration of the relevant
boundary conditions is camied oui by changing the zlobal stiffness mamix of the
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system Virtoal objects such as bolts, rods‘pins. and springs are implemented on the
basis of beam'rod elements.

Some other types of kinematic bomdary conditioms are mmplemented by
directly chanming the stiffness matmix of the system (in early versions of the program.
penslty fimctions were wsed for this - acmslly "very™ s6ff suvilisty elements which
led to errors in the prosran).

Arbitrary combinations of coatact bowmdary condifions suwch as enfry info
contact and exit from it are allowed within the limits of one assembly.

Boundary conditions combined in the "Connectors” zroup (Connectors) are
implemented in the program for caloulations of assemblies. The mplementation of
these condifions (or some of their varetes) implies swch changes n the saffness
mafix of the system, which acmally lead to the appesrance of a3 completaly rigd
virmal object in the model As a resalt n the place where this object meeracts with
"real" parts of the assembly (acmaally, in the zome of application of the descibed
bomndary conditions). the appearance of theoretically infinite deformations (stresses)
is possible. In practice, this is expressed in the lack of comvergence of the sohiton
when the mesh is conmpacted and, most hkesly, In mcorrect results.

In 5W Simmlation, there is a p-adaptve method of constructing & mesh of finite
elements. This means that in zones with a high stram energy gradient. the program
inreases the order of the polynonmal that approcdmates the displacement Held mn the
finite element If the kinematic boundary conditons are incomrecily set, featumes
(theoretically infinite deformations and stresses) may appear. Application of this
opton for such caloulation models leads to absurd resalts.

In 5W Sinmlstion there is also an b-adapiive method of constracting 3 mesh of
finite alemends. It consists m compacting the #rid in zome:s where the value of the
sirain energy density s relatmvaly large compared to its average value

In the framework of alastic analysis, if is possible fo use orthotropic materials
Orthogonal-orthoropic and Tansverse-isogopic materials are availsble Cylindrnical
orthoropy can be prescribed. There s no oorvilinesr orthotropy. These properties can
be assimmed to both solids and shells.
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When asseczing the strensth of assemblies using the 5W Simmlation "Saensth
Check" function (Design Check Wizard), the same type of siremgth crterion 15 used
for all materials. Thns, the wse of this fonction for the analysis of assemblies that
contain parts made of britfle and viscous materials 1= problemane if it is necessary to
display the results for all parts at coce.

SW Sinmilation requires conpliance with the basic camvas of the fimite element
method alzoritm giving within esch stage a certain freadom m te sequence of steps
of mode] prepamation and consideration of results.

For calonlations in elastic formmlation for models in solid representation, the
assumed chain of events s descibed balow.

1. Creating an analyzis of a certain type and defining its settines The Latter can
be changzed at amy tme before the caloolations are made.

2. Filling, if necessary, a table of parameters, which defines a set of values that
can chamge (specifically, for which hsts of values can be assigmed) durine
caloulations.

3. Preparation of initia] dats within the given analysis:

— desimnation of the matenial of the part or parts;

— assipnment of kinematic bomndary conditions;

— desimmation of stafic boundary conditions;

— designation of contact boumdsry conditions, if an assembly or pant Som
zeveral bodies s caloulated:

— CTeating a znd

4. Linkine= if necessary, the parmmeters from the parameter table with the
cormesponding anahysas,

5. Makme calonlatons.

6. Processing of remlts:

— CTeatng the necessary diagrame;

— diagram analysis;

— export resulfs.

The optinmization procedure is based on the results of caloalations in a linear
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formmlation (statc amalysis, caloulations on nanmal frequencies and stabiling). Fatigue
analysis also requites performing at lesst one stanc caloulation.

The principle of operation of the wall: the reducer is installed in the seat of the
table and fixad with the help of locks that are installed on leaves 7 and § (Infended for
the versatility of the stand and allow fixing reducers of different sizes). But it is
Decessary to mvestigate the operability of its details. Therefore, the following stdies
were carmied ous with the belp of 5W Sinmilation:

— the swthors of [3] analyzed the model of the movable sash (positon 7 in fiz
1) to obtain a pichare of its stress-strain state;

— in work [4]., a similar smdy of a fixed sash (posidon 8 in fig. 1) was
perfonmed.

According to the received calonlafions, the considersd parts have sofficient
performsnce. But similar caloulsfions of other components of the stand are reguired
Thersfore, a static calculation of the stand lock was carmied out {position 13 in fiz 1)
At the zame fime we Wil complicate the caloulations: we will deternuns the
maximnm lead it can withstand i the event of a violaton of safety techmiques during
the operation of the stand with the planned safety factorn=2.5.

Steel C35E (DIM 1.1181) was selected from the SolidWorks library - an
analogme of the material of the lock (steel 35), for which o, = 580 MPa (fig. 7).

L e we:r
LI L e

e =
[EEEE S P L] E

Fig. 2. Information about the analogue of steel 35
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To carmy out a stafic analysis, the lock mods]l was fixed (fig. 3) and a load was
applied to it (Bg. 4).
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Fiz. 3. Fixinz the lock model
2z i

Fig_ 4. Applving load to the lock model
The next stage in the analysis of the lock model is the creation of a gnid (Az. 3).

Fig. 5. Parameters (a) and fimte element mesh (b) of the lock model
Calculation results — fig 6.



C D
Fig. 6. The results of the lock calculations (a — Von Mises nodal stress
diztribution diagram b - URES displacement distribution diagram; ¢ - ESTEN
deformation distmbuton diagram; d — safety margin distmibubion
diagram in the lock model)

According to the calculsfions, with the planned safety factorm = 2.5, the lock
will withstand a load of 3360 N, which i= pnxch more than the permmissible one (the
weight of the reducer = 1400 W)

Therefore, the capabilites of modem computers provide, with the belp of
CADWCAF modelmg systems (In particolar, SobdWorks Siomlstion), various
processes  of obfamine an accephble result withowt tme-conswming feld
ExXpeTiments.
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