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Abstract— Gear train is important part of the majority of 

mechanical power transmission system. It has to be robust 

enough to sustain the transmitted power over the long period 

of time and also light enough to reduce the overall weight of 

the system. But since to increase the power to be transmitted 

by the gear train also causes increase in weight and vice 

versa, these two objectives rather generate contradicting 

solutions. Thus, the optimization of gear becomes very 

significant in order to have a good trade-off between these 

two entities. The helical gear provides a smoother mesh and 

can be operated at greater speeds than a straight spur gear. 

So we have to minimize weight of helical gear train to 

increase strength/weight ratio. 
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I. INTRODUCTION 

Various applications of gear trains are mechanical power 

transmission systems such as automobile, aerospace, 

machine tools and gear design is still an ongoing activity. 

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 good practice to 

apply optimization techniques for individual components or 

intermediate assemblies than a complete assembly. For 

example, in an automobile power transmission system, 

optimization of gearbox is computationally and 

mathematically simpler than the optimization of complete 

system. 

In recent times the gear design has become a highly 

complicated and comprehensive subject. A designer of a 

modern gear drive system must remember that the main 

objective of a gear drive is to transmit power with 

comparatively smaller over all dimensions of driving 

system. 

The preliminary design optimization of three stage 

helical gear reduction units has been a subject of 

considerable interest. Complex shape and geometry of gears 

lead to a large number of design parameters. A traditional 

gear design involves computations based on tooth bending 

strength, tooth surface durability, tooth surface fatigue, 

interference, efficiency, etc. Gear design involves empirical 

formulas, different graphs and tables, which lead to a 

complicated design. Manual design is very difficult 

considering above facts and there is a need for the computer 

aided design of gears. 

With the aid of computer, design can be carried out 

iteratively and the design variables which satisfy the given 

conditions can be determined. The design so obtained may 

not be the optimum one, because in the above process the 

design variables so obtained satisfy only one condition at a 

time e.g., if module is calculated based on bending strength, 

the same module is substituted to calculate the surface 

durability. It is accepted if it is within the strength limit of 

surface durability; otherwise it is changed accordingly. So 

optimization methods are required to determine design 

variables which simultaneously satisfy the given conditions 

II. METHODOLOGY 

Existing design of three stage gearbox is further optimized 

by Genetic algorithm & resultant weight of both design are 

compared & found reduction in overall system. The 

optimization problem involves the objective function and 

constraints that are not stated as explicit functions of the 

design variables, it is hard to solve by classical optimization 

methods. Moreover, increasing demand for compact, 

efficient, and reliable gears forces the designer to use 

optimal design methodology. 

We have to focus on the optimization of a three 

stage helical gear-train wherein minimization of weight 

considered as the objective function. The decision variables 

considered in this study are Face Width, module & No. of 

teeth of Gears. The gear-train system is subjected to 

constraints such as Bending Strength, wear strength, Min. 

No. of teeth, center distance & one more additional 

constraint for avoiding collision is considered. 

In this research we used equations for calculating 

various dimensions of gear and tooth bending stress & 

contact stress from AGMA standards. 

Various results from these calculations are 

compared with optimized parameter’s results & we make 

the Creo Parametric 2.0 models for showing that there is no 

interface between gears. 

For optimization we used Genetic Algorithms from 

matlab-13 optimization tool, GA gives solution very closer 

to the global solution of the function. Genetic Algorithm is 

an evolutionary process inspired by the biological evolution 

process. GAs use the evolutionary cycle as shown in fig-1 a 

typical genetic algorithm requires: a genetic representation 

of the solution domain and fitness function to evaluate the 

solution domain. (It’s our objective function) 

 
Fig. 1: The Evolutionary Cycle 
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III. PRIOR APPROACH 

Jhalani and Chaudhary [1] discussed the various parameters 

which can affect the design of the gearbox for knee mounted 

energy harvester device and later it frames the optimization 

problem of mass function based on the dimensions of 

gearbox for the problem. The problem is solved using multi 

start approach of MATLAB global optimization toolbox and 

value of global optimum function is obtained considering all 

the local optimum solutions of problem. 

Huang et al. [2] 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 

modeling, 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. 

Wei et al. [3] developed a mathematical model of 

optimization considering the basic design parameters; 

mainly tooth number, modulus, face width, and helix angle 

of gearbox as design variables and reduction of weight or 

volume as an objective. The model is illustrated by an 

example of the gearbox of medium-sized motor truck. 

Optimization tool box of MATLAB and sequential quadratic 

programming (SQP) method were used to optimize the 

gearbox. The design criterion and performance conditions of 

gearbox are treated as constraints. 

Tong and Walton [4] selected center distance and 

volume as objectives for the internal gears. Numbers of 

teeth of gear and pinion and modules are considered as 

variables for the optimization and “belt zone search” and 

“half section algorithm” are applied as optimization 

methods. 

Savsani et al. [5] presented the application of two 

advanced optimization algorithms known as particle swarm 

optimization (PSO) and simulated annealing (SA) to find the 

optimal combination of design parameters for minimum 

weight of a spur gear train. 

Buiga and Popa [6] presented an optimal design 

mass minimization problem of a single-stage helical gear 

unit, complete with the sizing of shaft, gearing, and housing 

using GAs. 

Mendi et al. [7] studied the dimensional 

optimization of motion and force transmitting components 

of a gearbox by GA. It is aimed at obtaining the optimal 

dimensions for gearbox shaft & gear, and the optimal rolling 

bearing to minimize the volume which can carry the system 

load using GA. The results obtained by GA optimization are 

compared to those obtained by analytical methods. 

Padmanabhan et al. [8] 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. Multi objective 

formulations are realistic models for many complex 

engineering optimization problems. Ant Colony 

Optimization was developed specifically for a worm gear 

drive problem with multiple objectives. 

Mogal and Wakchaure [9] used GA as evolutionary 

techniques for optimization of worm and worm wheel. The 

main objective for optimization is minimizing the volume; 

here other objectives are considered as constraints. Gear 

ratio, face width, and pitch circle diameter of worm and 

worm wheel are the design variables for objectives. 

Constraints are center distance, deflection of worm and 

beam strength of worm gear. 

Yokota et al. [10] formulated an optimal weight 

design problem of a gear for a constrained bending strength 

of gear, torsional strength of shaft, and each gear dimension 

as a nonlinear integer programming (NIP) problem and 

solved it directly by using an improved GA. The efficiency 

of the proposed method is confirmed by showing the 

improvement in weight of gears and space area. 

Mohan and Seshaiah [11] discussed the 

optimization of spur gear set for its center distance, weight 

and tooth deflections with module, face width, and number 

of teeth on pinion as decision variables subject to constraints 

on bending stress and contact stress. These materials, 

namely, Cast Iron, C-45, and Alloy Steel (15Ni2 Cr1), are 

considered. The gear parameters obtained from GA are 

compared with the conventional results. 

Deb and Jain [12] demonstrated the use of a multi 

objective evolutionary algorithm; namely, Non dominated 

Sorting Genetic Algorithm (NSGA-II), which is capable of 

solving the original problem involving mixed discrete and 

real-valued parameters and more than one objective. 

Thompson et al. [13] presented a generalized 

optimal design formulation with multiple objectives which 

is, in principle, applicable to a gear train of arbitrary 

complexity. The methodology is applied to the design of 

two-stage and three stage spur gear reduction units, subject 

to identical loading conditions and other design criteria. The 

approach serves to extend traditional design procedures by 

demonstrating the tradeoff between surface fatigue life and 

minimum volume using a basic multi objective optimization 

procedure 

IV. PROBLEM FORMULATION FOR GENETIC ALGORITHM 

The optimization model of three-stage helical gear train is 

formulated in this section, with minimum weight as design 

objective. The schematic illustration of tree-stage helical 

gear train is shown in Figure 2. As it is a case of three-stage 

gear train, the gear ratios between fist, second & third pair 

are chosen in such a way that their values are feasible and 

their product remains the same as that of required. 

 
Fig. 2: Gear Train System Diagram 

A. Design Variables: 

The mainly affected parameters of gear from the weight 

point of view are face width, module, and number of teeth of 
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gear. These parameters directly or indirectly affect the 

objectives widely. So, the design vector f is 

 

 

Where, 

654321 ,,,,, ZZZZZZ are the number of teeth of gears; 

cba bbb ,,  are the face widths of each pair; 

321 ,, mmm  are the normal modules of each pair; 

B. Objective Function: 

The optimization model of three-stage helical gear trains is 

derived as follows. 

 

 

 

Where, 

654321 ,,,,, dddddd  are reference diameters of gears; 

g is density of gear material; 

C. Constraints: 

1) Bending stress 

   
  

     
           <        

     

    
 

Where, 

   is the tangential transmitted load (N) 

   is the dynamic factor 

  is the overload factor 

   is the size factor 

   is the load-distribution factor 

   is the rim-thickness factor 

  is the face width of the narrower member (mm) 

   is the transverse metric module  

   is the geometry factor for bending strength 

   is the allowable bending stress,(N/mm2) 

   is the stress cycle factor for bending stress 

   is the temperature factor 

   is reliability factor 

2) Contact stress 
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Where, 

   is an elastic coefficient(√N/mm2) 

   is the surface condition factor 

   is the pitch diameter of the pinion, in (mm) 

   is the geometry factor for pitting resistance 

   is the allowable contact stress(N/mm2) 

   is the stress cycle life factor 

   is hardness ratio factor for pitting resistance 

   is the temperature factor 

   is reliability factor 

3) Center distance 

   (
     

 
 
     

 
 
     

 
) < 555 

4) Min. no. of teeth on each Pinion 

Z ≤ 14 

5) Constraint for avoid collision between gear 2 and 5 as 

shown in fig. 2 

                            

V. MATERIAL SPECIFICATIONS 

18CrNiMo 7-6 (Pinion) 

 Case-carburized 

steel, case-

hardened 

 ISO 6336-5 

Figure 9/10 (MQ), 

core strength 

>=30HRC 

 Specific weight 

(kg/m³)= 

7830.000 

20MnCr5 (Gear) 

 Case-carburized 

steel, case-

hardened 

 ISO 6336-5 Figure 

9/10 (MQ), core 

strength >=25HRC 

 Specific weight 

(kg/m³)= 7830.000 

VI. TABLES & RESULTS 

Input Power (kw) = 10.980 

Input Speed 955.000 

Output Speed 9.600 

Helix Angle Pair 1 13
O
 

Helix Angle Pair 2 13
O
 

Helix Angle Pair 3 10
O
 

Pressure Angle 20
O
 

Table 1: Existing Application Data 

Parameters Conventional values GA values 

1Z  19 14 

2Z  77 68 

3Z  15 15 

4Z  76 70 

5Z  14 16 

6Z  68 70 

ab  35 40 

bb  71 66 

cb  108 108 

1m  2.50 2.50 

2m  3.75 3.75 

3m  6.00 5.50 

CD 548.07 508.92 

Clearance 25.185 23.65 

Total weight 166.55 147.76 

Table 2: Comparison of Resultant Parameters Determined 

By Conventional Method & GA. 

By existing parameters 

Gears σb (N/mm
2
)  σb.all (N/mm

2
) F.O.S 

1 149.22 ≤ 467.64 3.13 

2 154.30 ≤ 412.31 2.67 

3 233.25 ≤ 479.44 2.06 

4 238.53 ≤ 424.40 1.78 

5 287.46 ≤ 493.48 1.72 

6 332.50 ≤ 436.51 1.31 

Table 3: Calculated Bending Stress 

Where, 

  =Calculated Bending stress 

      =Allowable Bending stress 
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Calculated Bending Stress (Table 3 cont.) 

By taking Parameters from  Genetic Algorithm Optimization 

Gears σb (N/mm
2
)  σb.all (N/mm

2
) F.O.S 

1 230.14 ≤ 467.64 2.03 

2 237.97 ≤ 413.65 1.74 

3 299.44 ≤ 480.98 1.61 

4 306.22 ≤ 425.14 1.39 

5 330.19 ≤ 494.35 1.50 

6 381.93 ≤ 436.46 1.14 

By existing parameters 

Gears σc (N/mm
2
)  σc.all (N/mm

2
) F.O.S 

1 149.22 ≤ 467.64 3.13 

2 154.30 ≤ 412.31 2.67 

3 233.25 ≤ 479.44 2.06 

4 238.53 ≤ 424.40 1.78 

5 287.46 ≤ 493.48 1.72 

6 332.50 ≤ 436.51 1.31 

 

By taking Parameters from  Genetic Algorithm Optimization 

1 230.14 ≤ 467.64 2.03 

2 237.97 ≤ 413.65 1.74 

3 299.44 ≤ 480.98 1.61 

4 306.22 ≤ 425.14 1.39 

5 330.19 ≤ 494.35 1.50 

6 381.93 ≤ 436.46 1.14 

Table 4: Calculated Contact Stress 

VII. COMPUTER AID MODELS 

 

 
Fig. 3: Model & Zoom View of Pair 1 

 

 
 

Fig. 4: Model & Zoom View of Pair 2 

 
Fig. 5: Model of Three Stages Helical Gear Train Assembly : 
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Fig. 6: Model & Zoom View of Pair 3 

VIII. CONCLUSION 

We can see from table.2 that there is 11 % weight is reduced 

by GA then that of existing design and all constraints are 

satisfied in the optimized results. Also the reduction in 

center distance can be found 7.2 % in optimized results. As 

per AGMA standards the material we used should have 

safety factor greater than 1, this is also satisfactory as shown 

in table-3 that GA does not affect the safety factor beyond 

the acceptable range & gives optimum strength/weight ratio. 

Figures of gear pairs shows that there is no interference 

between gear & pinion and no undercut take place, Fig. 5 

shows there is no collision between gears in assembly. 
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