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Maithematical and computer modeling of complex processes has advaniages over other iraditional
calculation methods. Therefore, in this study, the SolidWorks program and its SolidWorks Simulation
application were used to replace the material of the primary shaft of the gearbox of the GAZ-24 car
jalloy steel) with struchoral steel (after chemical and thermal treatment), which is cheaper and more
accessible in repair shops.

In order to increase efficiency, prevent breakdowns, extend the service life and properly analyze the
operation of structures under deformations of any magnitude with very high accuracy, it 1s suggested to
use mathematical modeling of individual units and parts of motor vehicles m the SolidWorks program
and its SolidWorks Simmulation application [1-5].

The method of numerical modeling of car parts has the following advantages over other traditional
methods [6]:

= allows to model and study the phenomena predicted by any theories;

- 15 environmentally friendly and does not pose a danger to nature and humans;

— makes it possible to sinmlate effects, the study of which in real conditions i1s impossible or very
dafficult for technological reasons;

- provides clarity and is accessible to use.

As an example [6], the primary shaft of the gearbox of the GAZ-24 car, the material of which is
steel 12X18H10T, was studied using SolidWerks Simulation. An analogue of this material was selected
from the SolidWorks library - steel DIN 1.4541. As a result of the calculations, it was established that the
mimimum safety factor of FOS 15 n = 21957, which 15 more than the permissible [n] = 1.5. Therefore, the
aim of the work was to study the possibility of replacing this material [7] with a cheaper and more
accessible one in repair shops = steel 15 after chemucal-thermal treatment (cementation, an analogue of
this material — steel 1.0401 - fig_ 1).
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Mma: | 1.4541 (6CrNiTi18-10) Hmna: | 1.0401 [C15)
Thn mMogean:  NuHenksn Ynpyrin Tun mogean:  NuHednoii Ynpyruh
HaoTpanmoii MaoTponmbii
Kpurepui npounoct | MakcumansHoe Kputepui npounoct  Makcumanohoe
N6 YMOAYAHHID: | HEApAEeHHs von Mises Mo YMOAYAHHI:!  HANPpAKEHHE van Mised
MNpeaen Texyuectr: 4e+08 N/m"2 MNpeaen Teryyectia: 3 Be0EN/m"1
Npegen npounocT | Ge+0E N/m"2 Npegen npodudocTh  Se=08 H/m"2
NPH PaCcTABEHHH! MpH PacTRHEHMH!
Mogyne ynpyrocti:  Zes11 H/m"2 Moayns ynpyrocty: | 2,1e=11 N/m"2
Kosdghmuuent 0,28 Koadmymwent 0,28
Myaccona: Nyaccona:
Maccosaa 7 200 kg/m™3 Maccosan 7 850 kg/m"3
NADTHOCTE: NAGTHOCTE:
Mogyne capura: | 7, 9%e+10 H/m"2 Mogyne casura: | 7 Se«10N/m"1
a b

Figure 1 — Properties of steels 12X18H10T (a) and 15 (b)

After repeated calculations in SolidWorks Simulation (separation of the primary shaft model into
finite elements, construction of the stiffness matrix; synthesis of the finite-element model taking into
account the conditions of its fixation at nodal points; solving the resulting system of algebraic equations),
the components of the stress-strain state are determuned (fig. 2).
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Figure 1 = Plots of total von Mises stresses (a), displacements URES (b), equivalent strains ESTRN
(c). margin of safety FOS (d) of the primary shaft

Since the minmum margin of safety factor for the pnmary shaft made of steel 15 153 n = 2232,
whach 15 more than permissible, the margmn of safety 1s sufficient.
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