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Abstract— Today’s competitive market required to optimize 

Weight and Volume of the gear design. Weight and Volume 

optimization of gear pairs is difficult to solve because it 

includes various objectives and large number of variables. 

Therefore, to solve such difficulty robust optimization 

technique will be useful to get optimal solution. Genetic 

algorithm will be useful to solve such difficulty using 

MATLAB. In this work a helical gear pair design 

optimization problem is solved. It is a multi-variable, 

complex non-linear problem with derived objective function 

and constraints. The objective is to minimize the volume of 

the gear. The design parameters considered are module, face 

width, number of teeth on drive and driven and helix angle. 

Results indicate that GA algorithm gives the best results for 

all design variables and objective function in helical gear 

design. 
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I. INTRODUCTION OF GEAR CONTROLLING 

Gears are compact, positive-engagement, power transmission 

elements that determine the speed, torque, and direction of 

rotation of driven machine elements. Gear types may be 

grouped into five main categories - Spur, Helical, Bevel, 

Hypoid, and Worm. Typically, shaft orientation, efficiency, 

and speed determine which of these types should be used for 

a particular application. Gears have wide variety of 

applications. They form the most important component in a 

power transmission system. Advances in engineering 

technology in recent years have brought demands for gear 

teeth, which can operate at ever increasing load capacities and 

speeds. The gears generally fail when tooth stress exceeds the 

safe limit. Therefore, it is essential to explore the alternate 

Gear material. The important considerations while selecting 

a Gears material are the ability of the Gear material to 

withstand high frictional temperature and less abrasive wear. 

Weight, manufacturability and cost are also important factors 

those are need to be considered during the design phase. 

Moreover, the Gear must have enough thermal storage 

capacity to prevent distortion or cracking from thermal stress 

until the heat can be dissipated. It must have well anti fade 

characteristics i.e. their effectiveness should not decrease 

with constant, prolonged application and should have well 

anti wear properties. 

 The design of gears is a highly complicated task, and 

the need to develop light weight, quiet and more reliable 

designs has resulted in a variety of changes in the design 

process. Identifying the best design using graphical methods 

becomes tedious once the number of design variables exceeds 

two. Therefore, a more general and systematic approach to 

gear design is desirable. Eliminating lubricant in geared 

systems is both cost saving and environmentally sound, but 

does pose some technical challenges. Metal-to-metal contact 

of tooth surfaces sliding and rolling against each other under 

contact pressure causes high tooth temperature that may 

result in material microstructure changes. Tooth surfaces can 

severely wear away and even deform plastically. Tooth-

sliding velocity and contact pressure can be reduced by 

changing the gear design. All over the world, more and more 

gears are manufactured by injection moulding with plastic, 

sintering using metallic powders or through shaped grinding 

of the steel or by the gashing method. Therefore, several 

restrictions can be omitted which occur when the gears are 

produced by the hob method or conventional gear grinding 

methods. New possibilities open up for the optimization of 

the gear with regard to operating noise, meshing and strength 

characteristics. With the support of suitable software, the 

calculation and optimization of such gears can be done 

without any problems. That opens new horizons to improve 

gears. 

 The following tendencies will be more pronounced 

in the future: Metals will be increasingly substituted by 

plastics significant reductions in gear noise and vibration 

Increase of the performance density (smaller models for same 

performance). Product development has changed from the 

traditional serial process of design, followed by prototype 

testing and manufacturing but to more on computer aids. 

Developments in Computer aided engineering has taken at a 

rapid pace have realty influenced the chain of processes 

between the initial design and the final realization of a 

product. Ability of CAE software’s on product designing, 3d 

visualization, analysis, simulation has impacted a lot on time 

and cost saving to the industry. This transformation has had a 

vast influence on manufacturing as well, providing process 

improvement that lead to higher quality and lower costs. The 

procedure needed to develop gear for a new product can 

require months of trial-and-error work. In view of increasing 

global competition for lower priced products, bevel gears are 

a prime target for the next generation of computerization. 

This review article will provide some fundamental 

information pertaining to gear development, procedure, 

techniques and optimization of Gear to achieve maximum 

quality while substantially lowering development costs. 

 The teeth of a left-handed helical gear, lean to the 

left when the gear is placed on a flat surface. The teeth of a 

right-handed helical gear, lean to the right when placed on a 

flat surface. In spur gears the teeth are parallel to the axis 

whereas in helical gears the teeth are inclined to the axis. Both 

the gears are transmitting power between two parallel shafts. 

At any time, the load on helical gears is distributed over 

several teeth, resulting in reduced wear. When two helical 

gears are engaged as, the helix angle has to be the same on 

each gear, but one gear must have a right-hand helix and the 

other a left-hand helix. In helical gear the line contact is 

diagonal across the face of the tooth.ad from one t 



A Review on Volume Optimization of Helical Gear Pair Using Genetic Algorithm Subjected To Constraints 

 (IJSRD/Vol. 6/Issue 12/2019/207) 

 

 All rights reserved by www.ijsrd.com 761 

II. LITERATURE REVIEW AND ISSUES OF OLD ARTICLES 

Saul Herscovici et al.[1] in their article provided the design 

formulae and acceptable stress levels so that calculations of 

the gear tooth geometry, surface compressive and bending 

stresses at which the gears operate in a known application can 

be made accurately. Because for designers it is necessary to 

know the complete gear information for all gears like no.of 

teeth, dia metral pitch, pressure angle , gear width, type of 

material to be selected and the type of heat treatment as well. 

 Work has been done by Rodrigo Lopez Sansalvador 

& Juan Carlos et al. [2] which showed a practical procedure 

for designing optimum helical gears. The optimization 

procedure was adapted to technical limitations, and it was 

focused on real world problems mainly. In order to emphasize 

the practicality of the procedure presented there, the most 

Common optimization techniques were also described. The 

objective functions which were to be optimized, limiting 

parameters and restrictions were needed to be defined for 

optimization. Finally, a graphic method was described by the 

author. A simple procedure for optimum gear design was 

presented, which was adjustable for the optimization of any 

combination of objective functions, and allowed the designer 

to impose actual restrictions. The most advantageous part of 

this optimization technique was that, it was not necessary to 

have a deep understanding of complicated optimization 

techniques for solving the optimization problem. Also, the 

procedure did not require special optimization programs. Any 

kind of gear design optimization problem could be solved by 

generating with a gear design software plots of the solution 

domain. The optimum point was also located easily, and it 

could be found visually from the plot or reviewing the data. 

 Takeaki Taguchiet al. [5] in their research paper, 

postulated with the help of genetic algorithm they had 

formulated OWD problem of constrained bending strength of 

gear, torsional strength of shafts and each gear dimension as 

a non-linear integer programming which was solved directly 

by keeping non-linear constraint. In result, the number of 

decision variables remained same and gave the best 

compromised solution. With the help of their work they also 

concluded that when a chromosome is not contained in a 

feasible region, it will include information about the 

infeasible region’s chromosome in the evaluation function so 

as to improve its search efficiency. 

 Eckart Zitzler and Lothar Thiele [6], compared four 

different Evolutionary Algorithms on a multi-objective 0/1 

knapsack problem with nine varying problem settings. Apart 

from this, they had introduced a new evolutionary approach 

to multi-criteria optimization, the Strength Pareto 

Evolutionary Algorithm (SPEA), which is a combination of 

four several multi-objective EA’s in a unique manner. SPEA 

was characterized as following:- a) Stored non-dominated 

solutions externally in a second, continuously updated 

population, b) Depending upon the number of external non-

dominated points that suppress it, evaluated each individual’s 

fitness c) Using the Pareto dominance relationship preserved 

population diversity, and d) In order to reduce the non-

dominated set without destroying its characteristics 

incorporated a clustering procedure. Results obtained on two 

artificial problems as well as on a larger problem, the 

synthesis of a digital hardware–software multiprocessor 

system, suggested that SPEA could be applied very 

effectively in sampling from along the entire Pareto-optimal 

front and distributing the solutions thus generated over the 

trade-off surface. 

 Work has been done by Faruk Mendi et al. [7]on the 

dimensional optimization of motion and force transmitting 

components of a gearbox by using genetic algorithm (GA). 

The study was aimed to get the optimum values for gearbox 

shaft, gear and the optimal rolling bearing. . In genetic 

algorithm optimization, the best-suited result out of many 

results is obtained within the solution space which is 

subjected to specific design constraints. By optimizing the 

dimensions of gearbox components, the design with smallest 

volume was obtained which could carry the system load. The 

results of GA optimization and analytical methods were 

compared whose conclusion indicated that GA can be used 

effectively as well as reliably in machine element design 

problems. 

 Avanish Kumar Dubeyet al. [8] in their research 

articlehas developed a computer-aided genetic algorithm-

based multi-objective optimization (CGAMO) methodology 

for simultaneous optimization of multiple quality 

characteristics in LTD. 

III. GENETIC ALGORITHM WITH OPTIMIZATION ALGORITHMS 

Genetic Algorithm is a powerful and widely applicable 

stochastic search and optimization method based on the 

concept of natural selection and natural evaluation. Genetic 

algorithm works on a population of individuals representing 

candidate solutions to the optimization problem. These 

individuals consist of chromosomes of genes. Genetic 

algorithm is based on the principle of survival of the fittest. 

Selection, crossover, and mutation are used for new better 

individuals. Genetic algorithm is applied for those problems 

which either cannot be formulated in exact and accurate 

mathematical form or takes so much time to solve or simply 

impossible to solve by the traditional computational methods.  

 Genetic algorithm works on two types of spaces 

alternatively: coding space and solution space, or in other 

words, genotype space and phenotype space. Genetic 

operators(crossover and mutation) work on genotype space, 

while evolution and selection works on phenotype space. The 

selection is the link between chromosomes and the 

performance of decoded solutions. The mapping from 

genotype space to phenotype space has a considerable 

influence on the performance of genetic algorithm. The 

genetic algorithm provides a directed random search in 

complex landscape. There are two important issues with 

respect to search strategies: exploration (investigate new and 

unknown areas in the search space) and exploitation (make 

use of knowledge of solutions previously found in search 

space to help in finding better solutions). This can be done by 

making genetic operators perform essentially a blind search, 

with a hope that selection operators direct the genetic search 

towards the desirable area of solution space. One general 

principle for developing an implementation of genetic 

algorithm for a particular real word problem is to make a good 

balance between exploration and exploitation of the search 

space. 
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IV. CONCLUSION OF SURVEY 

The beam strength of helical gears is an important criterion 

for its designing as it also decides the force and power to be 

transmitted. If optimization of various influencing factors like 

contact ratio, gear ratio, helix angle, face width, module, 

pressure angle is done considering their combined effects 

then it will certainly enhance the effectiveness and 

performance of the helical gear. GA can also solve the 

objective functions and constraints that are not stated as 

explicit function of design variables that are hard to be solved 

by classical methods. Since genetic algorithm method of 

optimization is easy, effective and time-saving, it must be 

used by the researchers to optimize various engineering 

designs. Also we can conclude that the use of GA Toolbox 

given in MATLAB is easy to use as well as effective for such 

design optimization problems. 

REFERENCES 

[1] Herscovici S. (1985): Spur and helical gear design, 

Power engineering and manufacturing Ltd. 

[2] Sansalvador L.R. and Carlos J. (1993) ,Centre de 

Investigacia y assistencia technica Practical 

Optimization of Helical Gears Using Computer 

Software, ,May-June issue, gear technology, pp. 16-21. 

[3] Christopher R. Houcks and Jeffery A. Joines (1994): A 

genetic Algorithm for function optimization: A Matlab 

implementation. 

[4] Chipperfield A. J and Fleming P. J. (1995): The 

MATLAB Genetic Algorithm Toolbox, IEE Colloquium 

on Applied Control Techniques, Digest No. 1995/014. 

[5] Yokota T., Taguchi T. and Gen M (1998): A solution 

method for optimal weight design problem of the gear 

using genetic algorithms, Elsevier Science Ltd, Great 

Britain,Vol.35, Issue 3-4, pp.523-526. 

[6] Zitzler E. and Thiele L.(1999): Multi objective 

Evolutionary Algorithms-A Comparative Case Study 

and the Strength Pareto Approach, IEEE Transactions on 

evolutionary computation, vol. 3, no. 4, pp.257-271  

[7] Deb K.M., Zitzler E. and Thiele L. (2000): Comparison 

of Multi objective Evolutionary Algorithms: Empirical 

Results, Massachusetts Institute of Technology 

Evolutionary Computation, vol. 8(2), pp.173-195.  

[8] Kapelevich A. and Kleiss R.E. (2002): Direct Gear 

Design for Spur and Helical Involute Gears, gear 

technology publications, September issue, pp.29-35.  

[9] Holst T.L. and Pulliam T.H. (2003): Evaluation of 

genetic algorithm concepts using model problems: multi-

objective optimization, National Aeronautics and Space 

Administration Ames Research Centre Moffett Field, 

California.  

[10] Popov A. (2003): Genetic algorithms for optimization-

Application in controller design problems, TU Sofia, 

Hamburg, pp. 3-21.  

[11] Farzad A. Sadjadi (2004): Comparison of fitness scaling 

functions in genetic algorithms with applications to 

optical processing, Proceedings of SPIE, Vol. 5557, pp. 

356-364. 

 


