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Abstract:  

Gears are one of the most important components in mechanical power transmission systems. The 

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 three-dimensional solid model can be generated in CAD software, in 

this case we have created model in Autodesk Fusion 360. This model of the spur gears is further 

simulated in Fusion 360, then contact stress and bending stress can be calculated. The paper presents 

the results of calculation of spur-gear that can be manufactured by optimizing the shape of the spur 

gear by using Fusion 360 software. To be more specific, the optimization involves how much material 

can be removed from the gear body without compromising the gear meshing properties. 

Consequently, the aim of this research is to reduce weight of the spur gear.  

Keywords: CAD/ CAE/ CAM software, FEM, Stress-Strain Analysis, Spur Gear, Shape 

optimization, CAD: Computer Aided Design, CAE- Computer Aided Engineering, CAM- 

Computer Aided Machining, FEM- Finite Element Method. 

I. Introduction 

Reduction of material has been one the critical aspects of any design along with reduction in 

deformation and stress factors, which increases the life of the product. Structural optimization tools 

like topology and shape optimization along with manufacturing simulation are becoming attractive 

tools in product design process. These tools also help to reduce product development time. This paper 

presents design, analysis and shape optimization in order to reduce material of spur gears and focuses 
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on static analysis. Finite element analysis has been used to implement optimization and maintaining 

stress and deformation levels. 

 

II. STATEMENT OF THE PROBLEM, OBJECTIVES AND PURPOSE OF THE STUDY 

In the manufacturing of a spur gear, when considering critical stress concentration, there are areas in 

the body of the gear where the mass is not required. As these areas are filled with unnecessary mass, it 

requires more material which ultimately results in more cost of manufacture. 

After the stress and strain analysis of the spur gear, we found that the gear works perfectly well when 

its shape is optimized by reducing the mass in unnecessary areas of the gear. 

 

So, our overall objective and purpose of this study is to determine:  

- Stress and Strain Analysis of the spur gear, - Finding areas in spur gear where stress and strain 

concentration is not found, 

- shape optimization of the spur gear, 

- material reduction through parametric modelling. 

 

III. METHODOLOGY AND MATERIALS 

CAD is used mainly for the creation of detailed 3D solid or surface models, or 2D vector-based 

drawings of physical components. However, CAD is also used throughout the engineering process 

from conceptual design and layout of products, through strength and dynamic analysis of assemblies. 

In this case we have used Autodesk Fusion 360 software for design, analysis and shape optimization 

of parts and their assembly. 

Table 1. Common Geometrical Data: 

 

Module 

 

   m 

 

  12.70 mm 

 

Pitch Diameter 

 

   p 

 

 304.8 mm 
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Pressure Angle   α  20
o 

 

No. of teeth 

 

  n 

 

 24 

 

Root Fillet Radius 

 

  rRf 

 

 1.588 mm 

 

Gear Thickness 

 

 TG 

 

 112.7 mm 

 

Hole Diameter 

 

  dH 

 

 12.70 mm 

Addendum Circle Diameter  

  dA 

 

 165 mm 

Dedendum Circle Diameter  

  Dd 

 

 137 mm 
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The geometry of the Spur Gear is designed, Analyzed and Shape Optimized in Autodesk Fusion 360 

using Finite Element Method. 

 

IV. ANALYSIS AND SHAPE OPTIMIZATION OF SPUR GEAR WITH FINITE ELEMENT 

METHOD- SIMULATION AND SHAPE OPTIMIZATION IN FUSION 360 

Initially, parametric design of spur gear is built in Fusion 360. Later the same software is used to 

Analyze and Shape optimize the initial design. 

                                         

 

 

1 - Critical Stress Concentrated Path (Front     View) 

2 - Pressure of 100 MPa is applied on the faces of every gear tooth 

 

The main generation of spur gear using Autodesk fusion 

360 

2 
1 
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After shape optimization the mesh representing the critical stress is promoted to model work space. 

The free space where stress concentration is considerably less is removed through parametric 

modeling. Thus, a new modified shape optimized gear is built. 

                                                

 

 

 

The Shape optimized gear is further analyzed in simulation work space to calculate the stress 

concentration. 

Critical stress concentrated path 

throughout the entire gear 

Shape Optimized 

Gear 
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A pressure of 100 MPa is applied on every face of gear tooth and meshed. Later, it is analyzed to 

study the stress concentration. 

 

                                                   

                                                                       

No Fatigue stresses are observed after analysis of optimized gear. 

 

Critical stress 

Target Stress 
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V. RESULTS AND DISCUSSION 

After the spur gear is analyzed, the results are as follows. 
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As stated above, the modified gear has been obtained just as we wanted it to be. 

Initially, the mass of the non-modified spur gear is 46.277 kg. This, later on shape optimization has 

been reduced to 11.438 kg. The mass ratio has been drastically dropped to 24.72 %, which results 

great quantity drop in material during manufacture. It thereby results in less cost of production. 

 

VI. Conclusion: 

The model of the spur gear, for which its shape is optimized and modified, is designed and analyzed 

using Autodesk Fusion 360. 

 

Shape Optimization 

criteria 
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The design optimization helps in reducing 75.28% of the structure weight (the initial and final mass of 

the spur gear is 46.277 kg and 11.438 kg, respectively), which in turn reduces the cost of the spur gear 

with safe design.  

Advantages obtained by this shape optimization are as follows: 

- Great decrease in the usage of the material 

- Less cost of production 

- Less moment of inertia 

Online Link of the model: https://a360.co/2OWv4Dk 
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