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ABSTRACT

Topology optimization is a whole new level of process of developing creative design to achieving challenges of new world. Now a day’s gears
become vital elements of mechanisms in many machines. In this review paper, the weight of gears can be reduced using topology optimization
which construct gearbox with optimum designing of gears, reduced one shaft and minimum thickness of gear box body. The three-dimensional
solid model generated in CAD software, and create model in Autodesk Inventor 2015. This model of the spur gears is imported in ALTAIR
software. Then optimization of weight reduction, shape and strength is done by using ALTAIR software. The topology optimization of spur gear

can reduce the weight of gearbox and the developed gearbox is reliable in performance with high efficiency and reduced cost.
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Introduction:

Gears are machine elements used to transmit power and motion between driver and driven shafts. They vary from a tiny size in toys to the large gears
used in ships. The gears are used to change the speed and power ratio as well as direction between input and output shaft. A gearbox contains a group
of gears to achieve a gear ratio between the driver and driven shafts. A gearbox can be defined as a mechanical system used to transmit power in certain
distance, usually involving a change in speed and torque. The Spur Gears are comparatively easy to manufacture, economical and not required high
degree of accuracy for assembly. Spur gears are most frequently used drive transmission in many applications. They are designed using standard
procedure which considers certain parameters. These design parameters lead to heavy gears. The weight of gears can be reduced using topology
optimization. The increase in rotational inertia caused by the weight it decreases the efficiency at the initiation of a transmission drive. Topology
Optimization is a key part of design for additive manufacturing. Topology optimization is aimed attending the best use of material within a given
design space filling requirements on stiffness, displacement, eigenvalues, etc. In short, the optimization seeks to and the optimal load path for a
particular load and boundary condition. With the rise of the Finite Element Method (FEM), algorithm-based optimization has become available not

only to the expert user.

PROBLEM SOLUTION :

The gears are most crucial part of gearbox, there is increasing demands of light weight gearbox with robust construction, reliable performance, high

efficiency, economy and long life. The solution leads towards the topology of three stage gearbox.

Literature Survey:

P Chandra Rao et al. conclude the weight of the conventional gear box can be reduced without compromising the efficiency by using topology
optimization techniques from ANSY'S software. Analysis is carried out on optimized gear and regular gear. by comparing the result optimized gear is

selected.
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Vijay Kanase et al.” conclude the gearbox designed and fabricated as a reliable, safe and cost effective. They were evaluated analytical calculations
using Hypermesh for finite element analysis. After exploring various methods and further heat treated to improve their wear strength.
VaibhavPimpalte et al.”! found gears generally fail when the working stress exceeds the maximum permissible stress. His research intends to identify
the magnitude of the stresses for a given configuration of a two-wheeler gears transmitting power while trying to find ways for reducing weight of the
gear. They concluded lightness of the gear for a given purpose while keeping intact its functionality thus reducing the material cost of the gear.

Mit Patel et al. Ifound generally gears fail when the working stress exceeds than the maximum permissible value. Use finite element analysis method
for the helical gear tooth using ANSYS. Hence the results, it was possible to reduce the weight of these gears without much increase in stresses and
keeping the functionality of gears intact.

Ramadani R. et al. ® aimed to reduce gear

vibration and weight by modifying its body structure. The primary objective was to reduce vibration and noise of spur gear. They replaced solid gear
body by lattice structure. In this research they experimentally confirmed that cellular lattice structure of a gear body in addition of the polymer matrix
may significantly reduce the vibration

Adis J. Muminovicet. al.l”! aimed to gear tooth topology optimization. They concluded by using advance manufacturing methods gear tooth can be
produced in a form of shell body with empty space inside. Optimization goal was to find optimal shell thickness of shell body spur gear tooth.
KunalMenavlikaret. al.”? designed and analysed a two-stage reduction automotive gearbox used in an All-Terrain Vehicle competing in BAJA SAE
INDIA. The gearbox is coupled to a Continuously-Variable Transmission which is powered by a 7.5KW- four stroke gasoline engine. As a result, they
found the topology optimization significantly contributed in reducing the overall weight of the vehicle thereby improving the acceleration by 15%.
MetinZEYVELI et. al.®™ found traditional methods used in gearbox design. In the basic software Genetic Algorithm (GA) was applied to the problem
with the objective function of minimising of volume of gear trains. The objective function was constrained by bending strength, contact stress, face
width and number of pinion and gear teeth. Design optimisation of a two-stage gearbox by using Genetic Algorithm.

P J. Swaroopet. al.” found bending and surface strength of the gear tooth are considered to be one of the main contributors for the failure of the gear
in gear set. When gears are produced in bulk, it requires more material which results in more expenditure. The shape of the spur gear optimized by
using Fusion 360 software. The design optimization helps in reducing 75.28% of the structure weight.

FatmirAzemiet. al.'%They performed shape optimization of spur gear, found bending and surface strength of the gear tooth are considered to be one of
the main contributors for the failure of the gear in gear set. The three-dimensional solid model can be generated in CAD software they have created

model in Autodesk Inventor 2015. Then spur gear shape optimization performed by using ANSY'S software.

Proposed Work:

1. Theoretical Work:

1. To review existing literature to study current trends in topology optimization of gears and manufacturing.
2. Design gearbox as per required specifications

3. Preparation of 3D model for topology optimization.

I1. Analysis Work:

Analysis of designed gearbox using ALTAIR topology optimization/analysis software.

111. Manufacturing work:

Suitable manufacturing methods will be employed to manufacture/fabricate the components and then assemble the gearbox. The
manufacturing/fabrication will be carried out as per layout shown below.The proposed model has 1 hp single phase 1440 RPM foot mounted induction
motor, motor shaft coupled to the hollow input shaft of gearbox, gearbox housing provides bearing support for holding input and output shaft, it also
forms a lubrication tank to lubricate gears. The pinion 1 has 19 teeth which messed to idler gear-1, Gear -1 coupled to pinion-2 with so that gear-1 and

pinion-2 perform as single solid unit, which turns gear-2.Similarly gear-2 and pinion-3 are coupled, the final reduction of 1:50achieved at gear-3.
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Proposed Layout of 3- stage spur gearbox
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Fig.1 Optimized Design

CONCLUSION:

Study of literature survey, indicate weight reduction, cost effectiveness is main issue and weight reduction is possible by topology optimization without
much increase in stresses and keeping the functionality of gears intact. Design of three stage gearbox is totally different which is manufactured by low

cost, less weight and for high torque applications.
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