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ABSTRACT  

Engineering design is an iterative process that requires to be followed with all feasible design solutions in order to 

arrive at desired objective. Proper design of gear train has a significant place in power transmission applications. 

Traditional methods used in its design do not have ability in automating the process. Thus, an attempt to automate 

preliminary design of gear train has been accomplished in the paper. In this paper, the volume and load carrying capacity 

are optimized. Two different methodologies (i) Genetic algorithm (GA), (ii) Fminsearch Solver optimization technique are 

used to solve the problem. In the first two methods, volume is minimized in the first step and then the load carrying 

capacities of both shafts are calculated. In this study, the Genetic Algorithm is introduced for the optimum design of gear 

trains to solve such problems and we propose a genetic algorithm based gear design system. This system is applied for the 

geometrical volume (size) minimization problem of the two-stage gear train and the gear train to show that genetic 

algorithm is better than the conventional algorithms for solving the problems. Genetic algorithm is used for optimization 

by using a Matlab programs are used to solve the problem. For the optimization purpose, face width, module, and number 

of teeth are taken as design variables. Constraints are imposed on bending strength, surface fatigue strength and 

interference. The results are validated with the experimental results published in the literature and standard parameters of 

gear train. 
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1. INTRODUCTION 
Engineering design is an iterative process that is 

started with a defined problem, refined and then developed 

a model, finally arrived at a solution. Due to nature of 

engineering design there could be more than one solution, 

therefore a search should be conducted in order to find the 

best solution. As a mechanical design problem, design of 

gear train is very complex because of multiple and 

conflicting objectives. 

Mechanical design includes an optimization 

process in which designers always consider certain 

objectives such as strength, deflection, weight, wear, and 

corrosion depending on the requirements. The objectives 

of the design are geometrical volume (size) minimization 

of 2-stage gear train and load carrying capacity gear train 

that has very valuable aspects in lightweight, small size 

and high strength. With regard to these design objects, we 

determine the number of teeth, module, face width, and 

helix angle, considering constraints such as strength 

(durability), interference, contact ratio and other factors 

based on AGMA standards so that these gear trains can 

perform the tasks required in design specification. 

However, design optimization for a complete 

mechanical assembly leads to a complicated objective 

function with a large number of design variables. So it is a 

better practice to apply optimization techniques for 

individual components or intermediate assemblies than a 

complete assembly.  

 

2. OBJECTIVES 
To reduce the weight and volume of the gear 

trains by using Genetic algorithms in Matlab toolbox for 

the optimization purpose, face width, module, and number 

of teeth are taken as design variables. To increase the load 

carrying capacity of the gear trains by using fmin search 

algorithms (Find a minimum of an unconstrained 

nonlinear multi variable function. It has problems in 

solving problems with a large number of objectives. 

 

3. LITERATURE SURVEY 
R. C. Sanghvi et al. [1] Multi-Objective 

Optimization of Two-Stage Helical Gear Train using 

NSGA-II, in this paper, the volume and load carrying 

capacity are optimized. Three different methodologies (i) 

Matlab optimization toolbox, (ii) genetic algorithm (GA), 

and (iii) Multi objective optimization (NSGA-II) 

technique are used to solve the problem. The mainly 

affected parameters of gear from the volume point of view 

are face width, module, and number of teeth of gear. 

Result comparison table shows that in the first two cases 

minimization of volume took place while load carrying.  

Sa'id golabi et al. [2] an objective functions and design 

constraints for the volume/weight of a gearbox has been 

written. The objective function and constraints can be used 

for any number of stages for gearbox ratio but in this paper 

one, two and three-stage gear trains have been considered 

by using a Matlab program. From the graphs, all the 

necessary parameters of the gearbox such as number of 

stages, modules, face width of gears, and shaft diameter 

can be derived. The optimization is performed using 

fmincon which is a component of the Matlab optimization 

toolbox. By comparing the result with previous papers the 

validation part is done. Padmanabhan et al. [3] 

investigated that in many real-life problems, objectives 

under consideration conflict with each other, and 

optimizing a particular solution with respect to a single 

objective can result in unacceptable results with respect to 

the other objectives. Multiobjective formulations are 
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realistic models for many complex engineering 

optimization problems. Ant Colony Optimization was 

developed specifically for a worm gear drive problem with 

multiple objectives. T raja, Senthil kumar et al. [4] 

Optimization of gear parameters by using genetic 

algorithm, an analysis of the failed gear has been carried 

out. The fractured gear teeth were subjected to detailed 

analysis using metallurgical techniques such as Visual 

Examination, Chemical composition analysis, Micro 

hardness survey, Tensile strength analysis and 

Microstructure analysis of the failed gear were carried out 

in the process to found out various root causes resulting 

for the failure of the gear. In this study Genetic algorithm 

is introduced for the optimum Design of gear train to solve 

such problems and propose a genetic algorithm based gear 

design system. Huang et al.[5] developed interactive 

physical programming approach of the optimization model 

of three-stage spur gear reduction unit with minimum 

volume, maximum surface fatigue life, and maximum 

load-carrying capacity as design objectives and core 

hardness, module, face width of gear, tooth numbers of 

pinion, tooth numbers of gear, and diameter of shaft as 

design variables. In this modelling, tooth bending fatigue 

failure, shaft torsional stress, face width, Interference, and 

tooth number are considered as constraints. The Matlab 

constrained optimization package is used to solve this 

nonlinear programming problem. 

 

4. METHODOLOGY 

 

 
 

5. FORMULATION OF PROBLEM 

The optimization model of two-stage helical gear 

reduction unit is formulated in this section, with minimum 

volume and maximum load carrying capacity as design 

objectives. The schematic illustration of two-stage helical 

gear reduction unit is shown Figure-1. As it is a case of 

two-stage gear reduction, the gear ratios between first pair 

and second pair are chosen in such a way that their values 

are feasible and their product remains the same as that of 

required. 

 

 
 

Figure-1. Schematic illustration of two-stage 

helical gear train. 

 

5.1. Design variables 

The mainly affected parameters of gear from the 

volume point of view are face width, module, and number 

of teeth of gear. These parameters directly or indirectly 

affect the objectives widely. So, the design vector  is 

 

X =  { , , , , , , , , , , } 

 

Where , , , and  are the number of teeth 

of gears , , C and , respectively.  and  are the face 

widths of gears  and , respectively;  and  are the 

normal modules of gear A, , respectively. Here it is 

assumed that all gears are of the same material (say with 

the same Brinell hardness number) and are of the same 

helix angle. 

 

Table-1. Coefficients and input values for sample 

design practice. 
 

Transferred power (kW)                          5.5  

Input speed (rpm)                                   1440  

Output speed (rpm)                                 144  

Total gear ratios (i)                                   10  

Material (Cementite steel)                    16MnCr5  

Manufacturing process                          Fine work 

Usage                                                Electricity motor 

Brinell hardness (N/mm2)                      1460 

Ultimate tensile strength,                    1100(N/mm2) 

Available modules (mm)    1, 1.125, 1.25, 1.375, 1.5, 

1.75, 2, 2.25, 2.5, 2.75, 3,3.5, 4, 4.5, 5, 5.5 

 

5.2. Objective functions 
For the optimization, first the volume of the two-

stage helical gear train is minimized. After achieving the 
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optimal value of design variables for minimum volume, 

those values of variables are applied to maximize the load 

carrying capacity of both of the stages. From both of these 

stages, the minimum load carrying capacity out of the two 

is chosen as the maximum capacity for the gear train. 

The optimization model of two-stage helical gear 

trains is derived as follows: 

  

F1=pi/4[(da
2
+db

2
)*ba+(dc

2
+dd

2
)*bc+d1

2
*L1+d2

2
*L2+d3

2
*L3] 

Module (m) = diameter/Number of teeth 

Diameter = module*Number of teeth 

F1=pi/4*[(m1*z1+m1*z2)
2
*ba+(m2*z3+m2*z4)

2
*bc+d1

2
*L1 

+d2
2
*L2+d3

2
*L3] 

 

The load carrying capacity � is given as 

The load carrying capacity (F) for the gear A and 

B respectively  

 F = c Md + πn ce b d .5cos θ + d .5M cosθπd .5n + 6 , √ce b d cos θ + M  

 

The load carrying capacity (F) for the gear C and 

D respectively 

 F = c Md + πn ce b d .5cos θ + d .5M cosθπd .5n + 6 , √ce b d cos θ + M  

 

Where a, b, c and 1, 2, 3 represent the 

diameters of Shaft and lengths of shaft 1, 2, 3, 

respectively. The factors  and  denote service factor and 

deformation factor, respectively.  is the transmitted 

torque and 1 and 2 are sum of error between first 

meshing teeth and second meshing teeth, respectively. 

Thus the objectives can be written for minimum volume 

and maximum load carrying capacity for the shaft. 

 

5.3. Constraints 
When the gear tooth is considered as a cantilever 

beam, the bending strength in working condition should 

not exceed standard endurance limit, . From Lewis 

equation, the constraint on bending strength is 

 ≤  

 

Where = tangential force and p diametral pitch, 

is face width, and   is Lewis factor. 

However, in  this  work, the  factors affecting  

bending strength during the production and assembly, such 

as velocity factor, overload factor, and mounting factor to 

name a few, are not taken into consideration. So, after 

adding the effects of these factors, the new constraints on 

bending strength for both of the gear pairs can be expressed 

as 

 � � .9 − � ≤  

 tcPcc c kv k .9 k − s cLc c k k k ≤   

Factor  and a stress concentration factor. V, , 

and  denote velocity or dynamic factor, overload factor, 

and mounting factor, respectively.  is standard R. R. 

Moore endurance limit. , , and  denote load factor, 

gradient factor, and service factor, respectively. , , and 

ms denote temperature factor, reliability factor, and mean 

stress factor, respectively. 

Gear teeth are vulnerable to various types of 

surface damage. As was the case with rolling-element 

bearings. Gear teeth are subjected to Hertz contact 

stresses, and the lubrication is often elastohydrodynamic. 

Excessive loading and lubrication breakdown can cause 

various combinations of abrasion, pitting, and scoring. It 

will become evident that gear-tooth surface durability is a 

more complex matter than the capacity to withstand gear-

tooth-bending fatigue. After including all the parameters 

the surface fatigue Constraint formula 

 

 √ ��� ��� ∗ �.95 �� ∗ � .9 − � � � ≤  0 

 dc  √ tcc cIc ∗ θ.95 Rc ∗ kv k .9 k − sf cLcR ≤ 0 

 

Where , Li, and  denote elastic coefficient 

factor, life factor, and reliability factor, respectively. �  

and �  are dimensionless constants and CR  and CR  are 

contact ratios.  represents surface fatigue strength. 

While designing the gear, interference is the main 

factor to consider. Interference usually takes place in the 

gear. So formulation of the optimization problem must 

take care of interference. To remove interference, the 

following constraints should be satisfied 

 

 − √ + ∅ ≤  

 r − √r + c sin ∅ ≤  

 

2∅-Z ≤  

   2∅-Z ≤  

   2∅-Z ≤  

 

2∅-Z ≤  

 

6. OPTIMIZATION 

The optimization of equation required a computer 

programming. For optimization of equation, all the 

mathematical equation and constraint parameters is 

converted into coding language. The coding is validated 

by Matlab software with different parameters of gear 

trains of double stage and the optimization is performed 

using fminsearch.  
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Table-2. GA for population size of 90 and 90 generations. 
 

S. No 
bA 

(mm) 

MA 

(mm) 
ZA ZB 

bc 

(mm) 

Mc 

(mm) 
Zc ZD 

Volume 

(10
7
*mm

3
) 

1 67 4 18 57 90 3 18 99 2.266 

2 64 4 19 60 85 3 18 99 2.188 

3 62 4 18 57 86 3 18 99 2.172 

4 75 4 18 57 85 3 18 99 2.211 

5 66 4 20 63 87 3 18 99 2.232 

6 63 4 19 60 86 3 18 99 2.204 

7 62 4 18 57 86 3 18 99 2.179 

8 65 4 18 57 86 3 18 99 2.247 

9 61 4 18 57 86 3 18 99 2.176 

10 60 4 18 57 85 3 18 99 2.168 

 

The algorithm does number of iteration to get the 

optimized minimum value, which implements constraints 

optimization on nonlinear multivariable problems exhibits 

generally good performance on a wide range of problems. 

In case of fminsearch Solver, the iterative procedure starts 

from an arbitrary population of solutions and gradually the 

algorithm converges to a population of solutions lying on 

the Pareto optimal front with higher diversity. 

 

6.1. Genetic algorithm formulation of the problem 

In this study a part of the developed software, 

Gear train optimisation with helical gears will be 

addressed. In optimising volume of gear trains module, 

number of teeth and face width are selected as effective 

design parameters. The module variable mn is normal 

module in helical gears and has been defined at interval of 

1 to 5 with total of 1, 1.125, 1.25, 1.375, 1.5, 1.75, 2,  

2.25, 2.5, 2.75, 3, 3.5, 4, 4.5, 5, 5.5 variables. In design of 

gear pairs, materials of pinion and gear have accepted 

same and design process is carried out based on pinion.  

The ranges of the problem variables are taken as 

reference from manufacturer’s catalog  and these ranges 
for , , , , , , , and  are taken as 60–80, 

4–12, 14–20,44–65, 85–105, 3–10, 14–20, and 77–110, 

respectively. 

The GA parameters in the study were chosen as 

initial population size = 90 number of Generations = 90 

crossover probabilities = 0.5 mutation probabilities = 

0.01and gear type helical gear is selected and constraints 

are impose on the genetic algorithms. 

There are 15 iterations carried out for the limiting 

values of two gears namely A and B. The algorithm has to 

estimate the volumes of shaft and gear for each set of A 

and B. The diameter limit for gear A and gear B are fixed 

as 14-20 and 44-65 respectively. The shows the results 

obtained for volume of first shaft and gear. 

 

Table-3. Iteration value of gears A and B. 
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Similar kind of iterations are carried out for third 

(C) and fourth (D) gears, The diameter limit for gear C 

and gear D is set as 14-20 and 77-110 respectively. The 

resulting load carrying capacity for different values for 

second shaft and gears are shown in Table. 

 

Table-4. Iteration value of gears C and D. 
 

 
 

Table-5. Comparison of results. 
 

Variable and objectives Catalog value 
Genetic algorithm 

value (Round off) 
fminsearch solver 

(Round off) 

Module of gear A (mm) 7 4 4 

Face width of gear A (mm) 70 60 62 

Number of teeth of gear A 14 18 19 

Number of teeth of gear B 44 57 60 

Module of gear C (mm) 3.5 3 3 

Face width of gear C (mm) 95 85 86 

Number of teeth of gear C 14 18 19 

Number of teeth of gear D 77 100 100 

Volume (mm
3
) 2.29 x 10

7
 2.16 x 10

7
 2.15 x10

7
 

Load carrying capacity (N) 3.40 x 10
4
 3.28 x 10

4
 3.42×10

4
 

 

7. OPTIMIZATION USING FMINSEARCH SOLVER 

In this case, the problem is considered as a multi-

objective problem. So, both objectives are treated together. 

In general, in case of multi objective optimization, the 

objectives are conflicting. So, a single solution cannot be 

accepted as the best solution. Since evolutionary 

algorithms are population based, they are the natural 

choice for solving this kind of problem. In fminsearch 

Solver the iterative procedure starts from an arbitrary 

population of solutions and gradually the algorithm 

converges to a population of solutions lying on the Pareto 

optimal front with higher diversity. 

There are 15 iterations carried out for the load 

carrying of two gears namely A and B. The algorithm has 

to estimate the load of shaft and gear for each set of A and 

B. The diameter limit for gear A and gear B are fixed as 

16-20 and 44-65 respectively. The figure shows the results 

obtained for load carrying capacity of first shaft and gears 

are shown in Table. 
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Table-6. Iteration value of gears A and B. 
 

 
 

Similar kind of iterations are carried out for 

third(C) and fourth(D) gears, The diameter limit for gear C 

and gear D is set as 14-20 and 77-110 respectively. The 

resulting load carrying capacity for different values for 

second shaft and gears are shown in Table. 

 

Table-7. Iteration value of gears C and D. 
 

 
 

8. CONCLUSIONS 

It is observed that the results remain consistent 

when the population size is 90and number of generations 

is 90. So, 10th good results with this population size and 

number of generations are shown in Table. If we compare 

the catalog value and genetic algorithm value module, face 

width and number of teeth are different. It is observed that 

the right combination of constraint variables and design 

parameters decrease 5.8% of overall volume with existing 

gear train design. Module is change from 7 to 4 and 

number of teeth is changed from 14 to 18 for gear a. for 

gear b number of teeth is changed from 44 to 57. 

Optimization method has been developed for 

design of multistage gear trains by catalog value compare 

with fminsearch. It is observed that the right combination 

of constraint variables and design parameters decrease 

6.7% of overall volume with existing gear train design. 

Optimization method has been developed for load 

carrying capacity design of multistage gear trains by 

catalog value and compare with fminsearch and genetic 

algorithms. If compare catalog value and Genetic 
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algorithm value load carrying capacity of that the right 

combination of constraint variables and design parameters 

decrease 4 % of existing gear train design. If compare 

catalog value and fminsearch value load carrying capacity 

of the multistage gear increase 2% of existing gear train 

design. 
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