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INTRODUCTION

Differential of rear-axle 130-2403010 (Fig. 1) of automobile ZIL-130 (3U1J1-130)
is a transmission mechanism, which separates torques between pinion shaft
andaxle shafts.

The feature of work of differential is in the differential division of power flows, i.e.
on the outlet each axle shaft receives from 0 to 100% of the power from pinion
shaft. The ratio between power values on each axle shaft can be any within
these limits, with the exception of the correction for the efficiency factor of the
differential itself.

The most commonly used machining technologies include turning (Skoric et al.,
2008, Ajaja et al., 2020), milling (Pokorny et al., 2012, Vopat et al., 2015) and
drilling or boring (Zou et al., 2020, Klaic et al., 2014). The aim is to achieve the
desired quality of the machined surface with dimensional accuracy and surface
roughness (Beno et al., 2013, Peterka, 2004). The -cutting process is
characterized by the accompanying phenomena: chip formation, existence of
cutting forces, tool wear (Vopat et al., 2013), surface roughness and vibrations
(Sentyakov, 2020).

Components are designed in a CAD system. New techniques in CAD systems
have been developed to overcome perceived limitations in conventional practice
— particularly in dealing with complexity of the parts.
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Fig. 1 3D-modelof a differential of rear axle 130-2403010 in assembly and in section

Computer aided design enables the designer to tackle a task in the practice
more quickly and accurately (Xun, 2009). Program for CNC machine tool is
generated in CAM system. Machine-tool, tools or machined surface can they be
damaged, therefore the program must be simulated and debugged (Jurko et al.,
2011).

In addition to machining technology, modern welding (Bozek, 2013), robotization
(Bozek and Pivarciova, 2012) and automation (Bozek, 2014) technologies are
used in such cases.

Computer-aided engineering (CAE) software enables to complete engineering
analysis tasks with the help of a computer. In essence, CAE software provides
a comprehensive optimization of the engineering analysis process through
simulations. Modern CAE tools can do more than just run FEM analysis routines;
they can also handle multi-body dynamics (MBD), computational fluid dynamics
(CFD), stress testing, thermal flow simulations, and much more (Technology
Evaluation Centers, 2020).

MATERIALS AND METHODOLOGY

The “Flange half of differential case”part is case-shaped rotation part of the
differential of rear axle of ZIL-130 automobile.The main purpose of the “Flange
half of differential case” part is to function as a buffer to prevent the wheels from
slipping when turning. It takes the torque from the final drive through a ring gear
and transmits it to side gears through spider gears. A differential cross, on which
spider gears rotate, is attached to inner side of the case. On the outer surface
the ring gear and tapered roller bearing are rigidly fastened (Fig. 2).

The manufacturing of differential case of ZIL-130 automobile started in 1956. It
was made of material MSt.6. This steel was made in accordance with
requirements of GOST 380-50 “Common quality carbon steel. Grades”. Here is
the full interpretation of MSt.6 steel grade: open-hearth steel of group B with a
carbon content in the range of 0.38 ... 0.50. A letter M in the name of the steel
regulated melting method. If this letter was absent, the steel was referred to
group A and the method of manufacturing was chosen by the producing plant.
Steel MSt.6 was produced in open-hearth furnaces, which were widespread in
times of manufacturing of the part (Luschtinetz, et al., 2019). This manufacturing
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method had a plenty of disadvantages like low economic efficiency, high amount
of metal waste, complex and expensive maintenance of the furnaces.

Fig. 2 3D-model of part 130-2403020-2 named “Flange half of differential case”

What is more, it was impossible to produce high-quality steel as melting process
was very long, labor productivity was low, while work conditions were harmful
and air contamination reached dramatically high level (Leonid et al., 2016, Zhou,
2010).

As for advantages, they included low requirements to the quality of raw materials
and an opportunity to re-melt metal scrap. Currently, open-hearth furnaces are
not used on the territory of Russian Federation. The last edition of the standard,
mentioned above, is GOST 380-2005 “Common quality carbon steel. Grades”,
which leads to an end oftheMSt.6 steel grade. In the current standard only steel
of former group A remained, while the classification on two groups disappeared.
That is why it is necessary to replace the material on the up-to-date analogue,
which could meet technical requirements and functional purpose of the part
(Thipprakmas and Phanitwong 2011).

The largest overall dimensions of the “Flange half of differential case” are a
diameter of 250 mm and a length of 111.5 mm. Accuracy degree ranges from
14 to 6, roughness — from Ra 25 to Ra 0.8 (Fig. 3 and Fig. 4). The mass of the
part is 6.58 kg. In the part there are 12 holes with diameter of 14 mm, 4 holes
with diameter of 6 mm, 4 holes with diameter 20 and 28 mm, which are all made
by drilling. The group of holes with diameter of 28 mm is made in assembled
differential case. A hole with a diameter of 55 mm is punched at the stage of
creating the workpiece and then machined. Due to the holes with a diameter of
6 mm, grooves with a radius of R2 and a groove with a diameter of 147 mm, oil
is supplied, distributed and retained in the differential working mechanism to
ensure lubrication, cooling and corrosion prevention of spider gears and side
gears.The most critical surface is the one with diameter of 75 mm and roughness
of Ra 0.8, onto which the bearing is pressed. Less critical surfaces are located
on the outer surface of the differential case in the range of diameters 92-190
mm. These surfaces have radii R20 and R8, they are created in a workpiece by
punching without any further machining. External and internal surfaces are
machined on CNC lathe equipment. All holes, as well as through grooves with
aradius of R2, are created on CNC milling equipment (Gtadysiewicz et al., 2017).
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Fig. 3 Drawing of a part 130-2403020-2 “Flange half of differential case”.
Front view. Kompas 17v software

%

Fig. 4 Drawing of a part 130-2403020-2 “Flange half of differential case”.
Views A,B,B,I'. Kompas 17v software
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THE RESULTS

According to considered data we have carried out an analysis of each of the
proposed materials for the part in the Solid Works software. In the Solid Works
Library there is no prototype of steelMSt.6, that is why we have created a custom
material on the base of the data from GOST 380-50. Wealsoexaminedsteel 45
andsteel 60, whichalready existed in the library and comparedtheir
characteristics with the ones declared by GOST 1050-2013 (Fig. 5).

\eert ad L

eh Waet 42 404 28 b b st S 180200

B e ad
VU RGPy e e\ W W i T gt TN e wd T (g e

) (Bm] e ) [ () o) o i (o () (e e Gl [
Fig. 5 Mechanical properties of the materials inSolidWorks Library.

By using Solid works simulation software, we analyzed stresses, displacements,
deformations and safety factor for each material for the part “Flange half of
differential case”. Fig. 6 (a-i), demonstrates the results of modelling for steel
Mst.6.

Fig. 6a The results of modelling of part “Flange half of differential case”,
made of steel MSt.6: general view of the model

As for results for other materials, they are given in Table 1.
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Fig. 6b The results of modelling of part “Flange half of differential case”,
made of steel MSt.6: general view of the model, start of modelling
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Fig. 6¢ The results of modelling of part “Flange half of differential case”,
made of steel MSt.6: grid on the part
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Fié. 6ci The results of modelling of part “Flange half of differential éa{se”,
made of steel MSt.6: stresses
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Fig. 6f The results of modelling of part “Flange half of differential case”,
made of steel MSt.6: displacements in units of the part
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Fig. 6g The results of modelling of part “Flange half of differential case”,
made of steel MSt.6:, deformations
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Fig. 6h The results of modelling of part “Flange half of differential case”,
made of steel MSt.6: safety factor
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i
Fig. 6i The results of modelling of part “Flange half of differential case”,
made of steel MSt.6: total deformation with scales
Table 1 Data from the analysis of modelling of the part
“Flange half of differential case”
Maximum Maximum Maximum Minimum
Material stress, displacement, deformation, safety factor
[MPa] [um] [um] [-]
Steel 45 580 96 11 1.416
Steel 60 660 96 11 1.611
SCH15 101 247 3 0.246
SCH30 226 165 2 0.522
L60 200 210 2 0.485
ABS 2020-31 38,2 10817 131 -

Source: (Competence Center “Technological Modeling”, 2019)

DISCUSSION

To choose the optimum method for manufacturing of the workpiece, it is
necessary to analyze the influence of several factors on the part. They include
material (Shmakov et al., 2019), shape, overall dimensions (Kolmogortsevl et
al.,, 2016), weight, technical requirements, volume and serial production
(Cheslavskaya et al., 2015), material utilization ratio (Competence Center
“Technological Modeling”, 2019).

Eventually, we should choose the method providing
manufacturability, minimum labor input and lowest cost price.
The material is the one of key aspects governing the manufacturing method for
the workpiece. In accordance with structure and operational characteristics of
the part the optimum variant is steel 45GOST1050-2013 (international
analogues include 1044, 1045 (USA), 1.1191, 2C45 (European Union), 45
(Poland), 12050, 12056 (Czech Republic)), which belongs to the class of quality
structural carbon steels (Table 1). This steel can’t be used for casting as its
chemical composition and mechanical properties do not meet the requirements.
The closest analogue steel, from which the part can be made, is steel 45L (ctanb
45]1) that meets the requirements of GOST 977-88 (TOCT 977-88). However,

the maximum
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this analogue has higher plasticity and lower tensile strength, which can reduce
the operational life of the part.

Theoretical research on selection of the material for part “Flange half of
differential case” showed that it is reasonable to use forgings and round bars as
workpieces.

The part has complex cylindrical design shape with curved surfaces and central
through-hole. Taking into account the features of the construction, punching and
casting methods are most likely for workpiece manufacturing. Manufacturing
from round bars is the least cost-efficient method and requires considerable
labor input.

Two types of workpieces meet the technical requirements for the part, they
include forging and casting.

By analyzing the type of production and the weight of the part, all methods for
producing workpieces can be selected, but with limitations. The use of round
bars is impossible because of the extremely low rates of material consumption.
The creation of forgings by open die forging is also not reasonable with respect
to the high labor input and low accuracy of the workpieces obtained, the use of
castings in this case requires a partial change in design or a decrease in the
operational characteristics of the final product.

The final factor in choosing the method of workpiece manufacturing is to
determine the material utilization ratio (Groover, 2010).

Types of workpieces considered include castings, forgings, formed during hot
die forging, round bars from rolled metal (Fig. 7-9). We have not considered
such methods of workpieces production as cold forging and powder
compression, because it is impossible to create required design of the part from
the workpieces obtained by these methods.

Fig. 7 Mass properties of produced part
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Fig. 8 Mass properties of forging

Fig. 9 Mass properties of round bar

The calculation of material utilization coefficient the utilization of the material Ku.u.

For round batr:
Mpart  _ 6.58

= 0.20 < Knormative — 75 (1)

K = =
UM,
M Myorkpiece 32,5

where:

Mpart, Mworkpiece Stand for mass of the part and mass of the workpiece,
respectively.

As 0.20 < 0.75, the part is not fabricable for this indicator. For forging:

m 6.58 i
Kyw, = —2%= = === 0.79 > Kjqm"® = 0.75 ()
workpiece .

As 0.79 > 0.75, the part is fabricable for this indicator.

According to the analyzed factors, the most reasonable workpiece is a forging,
made by hot die forging method with the use of horizontal forging machine.
Forging design consists of assigning tolerances and allowances for machining
in accordance with GOST 7505-89 (FOCT 7505-89). During fabricability test we
identified the surfaces, which will be absent on the workpiece. Their absence is
connected with impossibility to create these surfaces in the workpiece because
of complex geometry or small size. Another reason is structural and
technological simplification of the workpiece aimed at a decrease in defects (Fig.
10).
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Fig. 10 Sketch of the workpiece with the assigned dimensions
and a 3D-model of the workpiece

To substantiate the selection of the up-to-date analogue material, the research
has been fulfilled, which takes into account technical requirements for the part,
design manufacturability, feasibility of geometric and accuracy parameters,
machinability by cutting, feasibility of other requirements according to OST
95227-92 (OCT 95227-92).

For modelling we have chosen the following materials for production of “Flange
half of differential case”. Mst.6 GOST 380-50 (MCT1.6 TOCT 380-50), steel 45
GOST 1050-2013 (ctanb 45 NOCT 1050-2013), steel 60 GOST 1050-2013
(ctanb 60 TOCT 1050-2013), grey cast iron SCH15 GOST 1412-85 (CY15
FOCT 1412-85), grey cast iron SCH30 GOST 1412-85 (CH430 NOCT 1412-85),
aluminum AK7 GOST 1583-93 (AK7 TOCT 1583-93), latten L60 GOST 15527-
2004 (J160 TOCT 15527-2004), plastic ABS 2020-31 TS2214-019-00203521-96
(ABC 2020-31 TY 2214-019-00203521-96), which are shown on Fig. 11. The
characteristics of the materials are demonstrated in Tables 2, 3.

Fig. 11 3D-modelsof “Flange half of differential case”
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Table 2 Chemical composition of the materials,%
Material C Si Mn Ni S P Cr Cu As Fe
Steel 0.38- | 0.17- | 0.50- | Upto upto | upto | upto | ~97
MSt.66 0.50 0.35 0.80 0.25 0.055 | 0.050 0.25 | 0.25 0.08
Steel 45 0.42- | 0.17- | 0.50- | upto upto Upto upto | upto upto ~97
0.50 0.37 0.80 0.30 0.035 | 0.030 | 0.25 | 0.30 0.08
Steel 60 0.57- | 0.17- | 0.50- | upto upto Upto upto | upto upto ~97
0.65 0.37 0.80 0.25 0.040 | 0.35 0.25 | 0.25 0.08
Castiron | 3.50- 0.50- upto Upto N
SCH15 370 |22% |o080 0.150 | 0.2 93
Cast iron | 3.00- | 1.3- 0.70- Upto Upto ~ 03
SCH30 3.20 1.9 1.00 0.120 | 0.2
Aluminum | Mg i Zn AL
AK7 0.20- |68 8'28 gpgtg upto U | 85~ | 4RO
0.50 ) ) 0.500 ) 91.6 )
Latten Pb Sb 0.59-
L60 030 |o0.010 |90 0.62 0.2
Source: (Competence Center “Technological Modeling”, 2019).
Table 3 Mechanical properties of the materials
Mechanical properties, no less than
; Yield UIt|m_ate Relative Relative Elastic
Material tensile . :
strength strenath elongation | reduction modulus Hardness
o, cBg of area of area E107?, HB
2 ' 0, 0, 2
[N/mm?] [IN/mm?] 8, [%] W, [%] [N/mm?]
MSt.66 510 730 19 - 2
steel 45 580 750 19 42 2 170
steel 60 660 850 20 58 1.74-2.04 370-450
SCH15 150 700-1100 163-229
SCH30 300 1200-1450 187-255
AK7 167 1 50
L60 650 2-4 165
ABS
2020-31 382 22 2

Source: (Competence Center “Technological Modeling”, 2019)

CONCLUSIONS

As a result of the study, it was found out that the manufacture of this part is
permissible only from steel. Comparison of the results of steels satisfying the
technical requirements for the part “Flange half of differential case” is shown in
Fig. 12.

As a result of evaluation of other parameters the cheapest material has been
chosen. It is the steel 45 GOST1050-2013, which demonstrates the closest
properties, to initial material MSt.6 GOST 380-50.

The results of modelling of “Flange half of differential case” allowed us to make
recommendations for production conditions. These recommendations include
the use of steel 45 GOST 1050-2013 as the analogue material, hot forging of a
workpiece on a horizontal forging machine, creating of design and technological
documentation for the manufacture of the part.
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Fig. 12 Comparison of results of modeling from steels
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Abstract: The object of the research is a part “Flange half of differential case”, which
has complex shape of a housing. The subjects of the research are the processes of
selection of analogue material, workpiece production method, and justification of the
structural and technological parameters of a part, taking into account 3D-modeling of
the structure, deformations, displacements, stresses, and safety factor. The selection
of analogue material is connected with suspension of production of open-hearth steel
grade Mst.6 GOST 380-50. The objectives of the work include juxtaposition of
computer models of deformations, displacements, stresses, safety factors of the part
made of different analogue materials; comparison of models according workpiece
production methods with consideration of material utilization ratio, structural and
technological features of resulting workpieces. For modelling we have chosen the
several types of materials. Research on modelling processes was fulfilled by means
of software of Kompasv17, Solid Works, Solid works simulation. Volumetric models
of parts and workpieces for all studied materials have been created taking into
account the deformations, displacements, stresses, and safety factor. There results
of modelling of “Flange half of differential case” allowed us to make recommendations
for production conditions. These recommendations include the use of steel 45 GOST
1050-2013 as analogue material, hot forging of a workpiece on a horizontal forging
machine, creating of design and technological documentation for the manufacture of
the part.

Keywords: modelling, production technology, CAD/CAM, machining



