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Purpose. The purpose of this article is to evaluate the efficiency of using the “Shape optimiza-
tion” option in the Fusion 360 software product of the American company Autodesk for the details
of the braking system of a mining electric locomotive.

Methodology. With the advent of modern computer programs, the content of the design engi-
neer’s work has changed, the design process has been reduced to the development of a 3D model of
a metal product, which can then be subject to stress-strain analysis and, based on the results of this
analysis, low-stress areas of the product which can be removed are be determined, that is, the
weight of the metal used is reduced. Of particular importance is generative design, which is a new
design technology. It is based on the use of software that can independently generate three-
dimensional models that meet specified conditions without the involvement of a designer. Essential-
ly, in the “human-machine” system, creative functions are passed to the computer, which deals well
with them. The second most important technology is topological optimization (Shape optimization),
which is applied to a model already developed by the designer in order to improve it.

Findings. The paper presents the results of the research on reducing the weight of the parts of
the braking system of the mine electric locomotive due to the topological optimization of their
structures in the Fusion 360 software product. The removal of unloaded areas of the product was
performed using the special option “Shape optimization” of this program. The effect of weight re-
duction in products after topological optimization is estimated to be approximately 35-45%.

Originality. The use of topological optimization in the details of the braking system of the min-
ing electric locomotive is a new approach to optimizing the structure and obtaining parts of reduced
mass.

Practical value. The application of topological optimization at the design stage helps to find a
construction design option with the most rational distribution of material and voids in a given area
taking into account strength and stiffness, and, thus, significantly reduce its weight.

Keywords: mechanical braking system, brake lever, rocker arm, Fusion 360, topological opti-
mization, mass reduction.

Introduction. Resource depletion means consuming resources faster than they
can be replenished. Natural resources are usually divided into renewable and non-
renewable ones. The use of any of these forms of resources beyond the rate of their
replenishment is resource depletion [1]. The value of resources is a direct result of
their availability in nature and the cost of extracting them: the more the resource is
depleted, the more its value increases [2].
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The consumption of most metals continues to grow due to increasing population,
welfare, and technical development. Common sense is calling for more efficient use
of resources and preservation of metals in the economy.

Important ways of saving metal are structural ones (reducing the metal content
of structures). They can include the following factors:

a) application of high-strength and corrosion resistant metals, as well as new metals
with advanced physical and mechanical properties, which ensure weight reduction while
increasing the durability, reliability and performance of products during operation;

b) development of the optimal design of the product from the point of view of
strength and rigidity at the lowest weight.

The main part. With the advent of powerful computer programs (Inventor, Fu-
sion 360, Solid Works, Ansys, etc.), the design engineer’s work content has changed
dramatically. The design process is reduced to the development of a 3D model of a
metal work, which can then be subject to stress-strain analysis.

According to the results of this analysis, low-load areas of the product are deter-
mined, which can be removed, that is, the weight of the required metal can be reduced.

Removal of unloaded parts of the product can be done using the special option
“Shape optimization”, which has appeared in most of the above programs.

The content of this option involves topology optimization of the product. Topol-
ogy optimization is an approach to structural design optimization that seeks the best
distribution of material in a given area for specified loads and boundary conditions.
Applying topology optimization during the design phase helps to find a design option
with the most rational distribution of material and voids in volume, thereby signifi-
cantly reducing its weight.

It should be noted that the geometry of the product after topology optimization
can be quite complex and difficult to implement using conventional manufacturing
methods. The emergence of additive technologies solves this problem.

The purpose of this article is to evaluate the effectiveness of using the “Shape
optimization” option at the modern stage of development of the machine-building in-
dustry [3].

For this purpose, two parts of the mechanical brake system of the AM8 mining
battery locomotive produced by the Druzhkivka Machine-Building Plant were select-
ed (Fig. 1).

Fig. 1. AM8 electric locomotive
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The main type of service braking on this electric locomotive is dynamic braking.
The mechanical brake with a manual drive (Fig. 2) is used as a parking and emergen-
cy brake [4].

Fig. 2. Mechanical brake of the AMS8 electric locomotive.

To brake the electric locomotive, the driver, using a wheel, rotates the screw 1 in
the nut 9 installed in the lever 4. The lever acts on the brake levers 5, which press the
cast iron brake pads 3 against the wheel rims. The resulting frictional force is realized
as a braking force between the wheels and rails. The brake levers are suspended on
the levers 8. The clearances between the brake pads and wheel rims are adjusted by
the brake clamps 7. The hinge connection of the brake system parts is provided by the
pins 10, 11, 12 [5].

Two objects with different designs were selected for topological optimization.
The first object is the brake lever 6 (Fig. 2), used as a separate steel part. The second
object is the lever 4 (Fig. 2), used as an assembly unit, whose weight was reduced to
a reasonable minimum by the designer’s idea.

Thus, 3D models of these two objects were developed (Fig. 3, 4).
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Fig. 3. 3D model of the brake lever
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Fig. 4. 3D rocker arm model
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To determine the loads on the brake lever and the rocker arm, the following data
were taken into account:
- the coupling weight of the electric locomotive, 8 tons;
- the vertical load on one wheel, G=20 000 H;
- the calculated coefficient of wheel-rail adhesion (rails are dry and clean) —
0.24;
- the coefficient of friction between the cast iron brake pad and the steel wheel
rim —0.35.
As a result of the calculation, the loads on the brake lever and the rocker arm
were obtained according to Fig. 5 and 6.

N=4400N

Fu=13700N

[

N=9270N

Fig. 5. Values of forces acting on the brake lever

R=4400N

2R=8800N

R=4400N

Fig. 6. Values of forces acting on the rocker arm
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The development of lightweight models of the brake lever and rocker arm of the
electric locomotive was carried out using the Fusion 360 program, through the
“Shape optimization” option [6]. Optimization of geometric dimensions is one of the
most common optimization methods. This approach involves changing the CAD de-
sign dimensions directly to minimize the weight.

The results of the topology optimization of the brake lever and rocker arm con-
structions are shown in Fig. 7 and 8.
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Fig. 7. The result of the topological optimization of the construction of the
locomotive brake lever
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Fig. 8. The result of the topological optimization of the rocker arm construction
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Figures 9 and 10 show what the products look like after processing the optimiza-
tion results.
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Fig. 9. Brake lever after processing the results of topological optimization
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Fig.10. The rocker arm of the locomotive brake system after processing the results of
topological optimization
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The weight of the products before the topological optimization was as follows:

- the brake lever — 8.7 kg;

- the rocker arm — 15.7 kg.

The weight of the products after optimization is:

- the brake lever — 4.8 kg;

- the rocker arm — 10.3 kg.

Therefore, the application of topology optimization in the components of the
brake system of the mining electric locomotive optimizes their structures, and as a
result, we have obtained parts with reduced weight.

Conclusions. The paper presents the results of a study on reducing the weight of
braking system components of a mining electric locomotive through the use of topo-
logical optimization of their designs in the software product Fusion 360 developed by
the American company Autodesk.

It has been shown that this tool is highly effective and recommended for manda-
tory use in the process of developing new designs.

The obtained effect of weight reduction of the products after topological optimi-
zation can be estimated to be approximately 35-45%.
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AHOTANIA
Meta. MeToro naHoOi cTarTi € OIiHKa eeKTHBHOCTI 3acTOCyBaHHA omiii «Shape optimization» y
nporpamHomy npoaykrti Fusion 360 amepukancbkoi kommanii Autodesk s neraneit ranbMiBHOT
CHCTEMH PYTHHUKOBOTO EIIEKTPOBO3Y.

Metoauka. 3 MOSIBOIO Cy4YacHMX KOMIT IOTEPHHMX MpPOrpaM 3MIHMBCS 3MICT poOOTH 1H)KEHepa-
KOHCTPYKTOpA, NpOoIeC KOHCTPYIOBAHHS 3BOJAUTHCS A0 po3podku 3D-Moneni meraneBoro BupoOy,
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SKy TIOTIM MOXKHA MiJIIaTH aHaji3y Halpy>KeHO-Ae(OpMOBAHOTO CTaHy Ta 3a pe3ybTaTaMH L[bOTO
aHaJli3y BU3HAYUTH MaJIOHABAHTAXKEH!1 AUISHKH BHPOOY, SIKI MOKHA BUAAIUTH, TOOTO 3MEHIIUTH
Macy BUKOPHUCTOBYBaHOTO MeTany. Oco0siiBe 3HAaYCHHS Ma€ TeHEPAaTUBHUN AW3aiiH — HOBA TEXHO-
JIOTisl IPOEKTYBaHHsS. 3aCHOBaHAa BOHA Ha 3aCTOCYBaHHI MPOTPaMHOTO 3a0€3MEUCHHS, 3aTHOTO Ca-
MOCTI{HO, 6€3 y4acTi KOHCTPYKTOpa, TeHEepyBaTH TPUBHMIPHI MOJENI, IO BiANOBIAAIOTH 33aJaHUM
yMoBaM. [IpakTHYHO y CHCTEMI «JTIOJIMHA — MAIlIMHA» KOMII'IOTEPY MepeaaroThes TBOpUl QyHKIIIT, 1
BiH 13 HEWw A00pe cmpaBiseTbesa. [pyruM mo 3HaueHHIO € TomosoriyHa omriMmizaumis (Shape
optimization), sIKii MAJAI0Th BXXE pO3pOOJICHY AU3aifHEPOM MOJIENb A ii BIOCKOHAJICHHS.

Pe3yabTaTn. B po0OoTi BUKIIaIeHO Pe3yIbTaTH TOCITIKCHHS 3MEHIIICHHS! MacH JIeTaJIel TalbMiBHOT
CHCTEMH PYAHHUKOBOTO €JIEKTPOBO3Y 32 PAXYHOK TOIOJIOTIYHOT ONTUMI3alil iX KOHCTPYKLIN y Mpo-
rpamMHOMY TIponykTi Fusion 360. BumaneHHss HeHaBaHTaXEHUX NUISTHOK BUPOOY 31HCHEHO 3a JI0-
MIOMOTOI0 crierianbHoi onii «Shape optimizationy 1iei nporpamu. Edext 3MeHIIeHHs Macu BHPO-
O1B TiCJIS1 TOTMOJIOTIYHOT ONTHUMI3allii OIIHIOETHCS MpUOIU3HO y 35-45 %.

HaykoBa HoBu3HA. BUKOpPHCTaHHS TOMOJNOTIYHOT ONTUMI3allli y JAeTalsIX TajJbMiBHOI CUCTEMH PY-
JTHUKOBOTO €JICKTPOBO3Y — 1€ HOBUH MIAXIA 0 ONMTHMI3aIlii KOHCTPYKIIT Ta 3aIsl OTPUMAHHS Jc-
TaJIe 3MEHILIEHOI MaCH.

IIpakTnyHa 3HaAYUMIicTh. 3aCTOCYBaHHS TOMOJOTIYHOI ONTUMI3allli HA eTarli MPOEKTYBaHHS JAOMO-
Mara€e 3HalTH BapiaHT IW3aifHy KOHCTPYKIT 3 HAOLIBII parlioHAIbHUM PO3IIOIIJIOM MaTepiany Ta
MOpPO’KHEY B 3aJlaHiil 001acTi, 3 ypaxyBaHHSIM MIITHOCTI Ta KOPCTKOCTi, 1 TAKUM YMHOM MOMITHO
3HU3UTHU HOTO Macy.

Knruosi cnosa: mexaniuna eanvmiena cucmema, 8axcine 2anvmienutl, kopomucio, Fusion 360, mo-
NoN02TYHA ONIMUMIZAYIS, 3SMEHULEHHA MACU.
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