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OPTIMIZATION 

 
Snezana Joksic, Mladen Radojkovic, Zivce Sakorcevic 
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Summary: In this work, the mass optimization and static analysis of the gear 
shift fork, which shows the deformations of the model, is performed. The first step 
is to create a 3D model in the Autodesk Inventor 2023 software package, then a 
finite element mesh is created and a static deformation analysis is performed. After 
that, the model is optimized with a 23% mass reduction. For optimization, the 
Shape Generator option is used. On the optimized model, deformation analysis is 
performed under the same loads and constraints as for the old model. By 
comparing the results from both models, it can be concluded that in the version of 
the model with reduced mass, the deformation displacements increase. 

Key words: Optimization, analysis, gear shift fork, deformations, mass. 
 
1. INTRODUCTION 
 

Manual transmissions in today's industry need to comply with very high 
standards and requirements. In addition to efficiency, reliability, and long service 
life, noise and vibration reduction, it is increasingly required to provide as much 
comfort as possible for the speed change. In order to meet all the requirements, it is 
necessary that all the parts function properly and that each part is analyzed and 
improved separately. In this paper, the analysis and optimization of the 
transmission fork was performed. 

The working principle of the gear shift fork is based on the inclusion and 
exclusion of a certain gear in operation, which results in different gear ratios. The 
fork as a part of the gearbox, and therefore of the car, has an important function 
when it comes to correct operation and human safety. Therefore, it is necessary for 
the fork to be constructed in such a way as to ensure the longest service life without 
deformation and damage. On the other hand, it is necessary to construct a fork with 
as little consumption of material, energy and time as possible. These facts lead to 
the conclusion that optimization is necessary for the construction of a part, in order 
to increase the positive characteristics and decrease the negative ones. 
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The paper [1] deals with the causes that lead to gearbox damage. Finite 
element methods were applied, mechanical properties of materials and lubrication 
were analyzed in order to reduce the wear of individual parts. The method of 
creating an oil film the contact surfaces of the gears and fork of the gearbox, is 
presented. This method proved to be effective, because the gearbox with this type 
of lubrication worked continuously for five years. 

The publication [2] deals with the static analysis of a special gear shift fork 
on the ANSYS Workbench platform. Based on the analysis, data were obtained for 
the concentration and value of stress, deformation and life expectancy. Data on 
deformations, service life and safety factor of the special fork were obtained 
through material fatigue analysis. 

The publication [3] is based on methods that can reduce the load, that is, the 
force that acts when changing gears in the gearbox in order to change the speed as 
quickly and easily as possible. The importance of synchronization and how it can 
be improved is shown. 

Also, in the paper [4], the quality of changing speeds was discussed based on 
the speed analysis method. Using GSA technology, faults in gear shifting are 
detected, indicating elements of design improvement, performance and force 
reduction for gear shifting. In paper [5], the GSA method was used in order to 
increase the quality of truck gear shifting and low fuel consumption. The 
importance of giving subjective and objective evaluation of performance, as a basis 
for design optimization, is presented. 

The paper [6] shows the development of a software tool for the analysis of 
the quality of gearbox operation. The existing gearbox control mechanism and 
components that affect correct operation and comfort were analyzed, on the basis 
of which a new method was developed. In this way, force, idle speed and positions 
of certain components can be measured. The importance of the adaptability of the 
gearbox to man in today's industry is described. 

There are a number of different methods and analyzes that are used to 
increase the efficiency and quality of gearbox operation. This indicates the need for 
a detailed analysis of each component, in order for the system to function properly 
and be competitive in today's market. Within this work, the gear shift fork, which 
has a key role when changing speeds, is considered. First, a 3D model of the fork 
was created, then an analysis of the deformations that occur under a certain load 
was carried out, after which the model was optimized and an analysis of the 
deformations was performed on the new model in order to compare them with the 
old model. 
 
2. MATERIAL AND METHOD 
 

The 3D model of the gear shift fork was created in the Autodesk Inventor 
2023 software package [7]. 

To analyze the deformations on the formed model, the Shape Generator 
option available in the Autodesk Inventor 2023 software package was used, in 
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which the data necessary for the static analysis was entered. The material from 
which the fork is made is carbon steel. 
 

3. RESULTS 
 

The designed 3D mass model is shown in Figure 1. 
 

 
 

Figure 1. 3D model of the fork 
 

Using the static analysis, the places with the largest deformation movements 
in the x direction were obtained, under the action of a force of 100, 200 and 500 N. 
The obtained results are shown in figures 2, 3 and 4. 
 

 
 

Figure 2. Stress distribution under the force of 100 N 
 

 
 

Figure 3. Stress distribution under the force of 200 N 
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Figure 4. Stress distribution under the force of 500 N 
 

Based on the results, it can be concluded that the maximum deformation 
displacements occur in the x direction and under the load of 500 N. The value of 
the deformation displacements under the action of the highest load is 0.118 mm. 

After the analysis, optimization was performed using the Shape Generator 
option, in which the mass was reduced by 23%. By starting the option, it is 
necessary to first define the constraints and then certain loads, after which the 
program determines the area where the mass will be reduced, as shown in figure 5. 
 

 
 

Figure 5. Optimized model 
 

The next step is the static analysis of the new model, in order to check the 
deformations. Figure 6 shows the results obtained when the fork was loaded with a 
force of 500 N. 

 
 

Figure 6. Stress distribution under the force of 500 N  
on the optimized model without rib 
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Considering that the mass of the model was reduced, reinforcement in the 
form of ribs was added and the static analysis was performed again for the 
optimized model with rib. Results of the static analysis of the optimized fork with 
rib are shown in figures 7, 8 and 9. 
 

 
 

Figure 7. Stress distribution under the force of 100 N on the optimized model  
 

 
 

Figure 8. Stress distribution under the force of 200 N on the optimized model  
 

 
 

Figure 9. Stress distribution under the force of 500 N on the optimized model  
 

Based on the previous figures, which show the numerical values of the 
deformation displacements, it is noted that the maximum deformation value is 
0.153 mm on the model without reinforcement. With the addition of the rib, the 
maximum deformation displacements are 0.127 mm at a force of 500 N. 
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Figure 10 shows the results of the analysis before and after optimization with 
the given tabular values. 
 

 
 

Figure 10. Numerical values of deformations before  
and after optimization 

4. DISCUSSION 
 

After optimization and static analysis, it is concluded that on the constructed 
model of the fork, deformation movements occur in the x direction, with maximum 
values at the ends of the fork, that is, on the part that is in contact with the gears. 
The model before optimization shows smaller deformational movements compared 
to the new model, because the optimized model is weakened by the reduction in 
mass. In order to reduce the deformations, reinforcement was added, which 
reduced the deformations in the x direction. Also, the deformations on both models 
increase in proportion to the increase in load. 

The paper [2] shows the deformations of a special transmission fork under 
the action of a force of 460 N. Under the effect of the load, the maximum 
deformations amount to 0.49 mm, which is a higher value compared to the fork in 
this paper. 
 
5. CONCLUSION 
 

A detailed analysis of the components of a system is the most important 
factor required by today's market and industry. In this paper, the transmission fork 
was analyzed in order to reduce the mass, and thus the material used, to improve 
efficiency and performance. 

The aim of this work was to show the importance of optimization on the 
example of a transmission fork. After creating the model, deformation analysis was 
performed, then the mass of the part was reduced by 23%. After reducing the mass, 
it is necessary to check whether it affects the deformation of the part. The results 
showed that the deformations increased slightly compared to the old model. Future 
directions of research could be based on how to reduce the deformation of the part 
on the optimized model, under the same constraints and loads, in order to increase 
the service life of the part and the reliability of the entire system. 
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