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Abstract: 

Planetary Gear Trains are extensively used for the 

power transmission. Large reduction in a small 

volume is possible with planetary gear trains. High 

efficiency – 95% per stage is common in planetary 

gear trains. The optimization of the planetary gear 

train makes the minimum volume (as well as 

minimum weight). In this paper a two stage planetary 

gear train is optimized using Genetic algorithm in 

Matlab used for analysis to satisfy the strength and 

geometric constraints. The mathematical model and 

source code are presented. 
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I Introduction 

Planetary gear train normally consists of a centrally 

mounted sun gear, ring gear and several planet gears 

that are found in between sun gear and ring gear. The 

planets are connected by a carrier. 

 

The main advantage of planetary gear train is that it 

can maintain high torque density. This torque density 

can be increased by adding more number of planets 

thus making multiple mesh points. That means a 

planetary gear with three planet gears can transfer 

there times torque of a similar sized, fixed axis 

standard spur gear set.  

 

The Load distribution on multiple gear mesh points 

implies that the load is supported by N contacts 

(Where N is the number of planets) increases the 

torsional stiffness of gearbox by N. 

 
The optimization of multi stage planetary gear train is 

a complex problem as it involves design variables 

which are integer type and real type. So genetic 

algorithm is used to solve this optimization problem. 

This is an evolutionary optimization technique rather 

than a traditional optimization technique.  

 

II Literature review 

A literature review on planetary gear train design, 

optimization and analysis was carried out and a brief 

report of the same is presented as below: 

Kalyanmoy Deb et. al. [1] optimized a multi-speed 

gearbox involving different types of decision variables 

and objective functions. They demonstrated the use of 

multi-objective evolutionary algorithm which is 

capable of solving the multi-objective optimization 

problem. Tianpei Chen et. al. [2] used differential 

evolution algorithm based on mathmatica to optimize a 

2 stage planetary gear train. They have proved that the 

optimum design of the planetary gear train could make 

the volume minimum (as well as the weight) under the 

conditions of carrying capacity. JelenStefanovicet. al. 

[3] presented a paper on optimization possibilities of 

planetary gear trains. They has given original model 

original model for multi criteria optimization of 

planetary gear train. This mathematical model for 
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optimization is defined by the variables, objective 

functions and conditions required for the proper 

functioning of the planetary gear train. K Akhilaet. al. 

[4] designed modeled and analyzed a 3 stage planetary 

reduction gear unit which is being used for a flight 

vehicle. It is designed to meet the output specifications 

and modeled using CATIA to check the interference.  

 

The modelled components are checked using ANSYS 

to check for their strength. Anjali Gupta et. al. [5] 

optimized a spur gear set using genetic algorithm.  

 

They has taken central distance as a objective function 

and module, number of teeth on pinion are taken 

design parameters. The bending stress limit and 

surface stress limit are considered as constraints. 

 

III Problem Formulation: 

Given the total transmission ratio of the gear train is 

56.46 and the input torque of the first stage is T1 = 5.69 

x 10
4
N.mm and the input torque of the second stage T2 

= 4.78 x 10
5
N.mm. The remaining parameters are 

 
 

2.1 Design Variables: 

The design variables for optimizing the gear train are 

as follows 

X = {x1,x2,x3,x4,x5,x6,x7,x8,x9} = 

{t1,m1,b1,c1,r,t2,m2,b2,c2} 

Where t1 is the number of teeth on sun gear of the of 

the first stage and t2 number of teeth on the second 

stage respectively, m1 and m2 are the modules of first 

and second stages, b1 and b2 are the tooth width of the 

first and second stage, c1 and c2 are the modification 

coefficients of the sun gears in the two stages, r is the 

reduction ratio of the first stage. 

2.2Objective function: 

Here minimization of the volume is considered as the 

objective function. So the volume of a sun and volume 

of 3 planets of each stage of the gear train should be 

calculated. Minimizing the volume of the respective 

gears intern minimize the volume of them. So the 

objective function is 

V = 
𝜋

4
* [(b1*(𝑑𝑠1

2 + 3𝑑𝑝1
2 ) + b2*(𝑑𝑠2

2 + 3𝑑𝑝2
2 )] ---- 

(1) 

Here 𝑑𝑠1 and 𝑑𝑠2 are the addendum circle diameters of 

the sun gears and 𝑑𝑝1 and 𝑑𝑝2 are the addendum circle 

diameter of the planet gears in the both stages 

respectively. 

 

The addendum circle diameter can be written in terms 

of design variables as 

𝑑𝑎  = (t +2(1+c))*m ---- (2) 

Where c is the addendum modification co-efficient of 

the gear. 

 

And also the number of teeth on the planet gear can be 

written as 

r = 2*(1 + 
𝑡𝑝

𝑡𝑠
) 

𝑡𝑝 =  
1

2
∗  𝑟 − 2 ∗ 𝑡𝑠  ----- (3) 

 

From (2) and (3) equation (1) can be written as 

V = 
𝜋

4
 *[b1*{((t1+2*(1+c1))*m1)

2
+3*((0.5*t1*(r-2) + 

2*(1+c1))*m1)
2
}  

+b2*{((t2+2*(1+c2))*m2)
2
+3*((0.5*t2*(

𝑅

𝑟
-2) + 

2*(1+c2))*m2)
2
}] 

Where R = Overall gear train reduction ratio 

 

2.3 Gear Design Parameters: 

Design parameters and constants are necessary for the 

formulation of constraints. Here the gear material 

chosen is 20CrMnMo and heat treatment is quenching 

surface and its rigidity is HRC57-61. So the gear 

design parameters are taken form the mechanical 

design hand book and are listed below in the table1 

and table 2 for 1
st
 and 2

nd
 stages: 
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Table 1. Parameters of 1st stage. 

 
 

Table 2. Parameters of 2nd stage. 

 
 

2.4 Constraints: 

(a) Contact stress condition: 

σ1 = ZH1*ZE1*Zε1* 
2∗𝐾1∗𝑇1∗(𝑟1+1)

𝑏1∗𝑡12∗𝑚12∗𝑟1
 ≤ σc1 

σ2 = ZH2*ZE2*Zε2* 
5.78∗𝑇2∗(𝑟2+1)

𝑏2∗𝑡22∗𝑚22∗𝑟2
 ≤ σc2 

Where: T1 and T2 are the input torques on the first and 

second stages, r1 and r2 are the ratio of tooth number 

respectively of the both stages. 

 

(b) Bending stress conditions: 

σ3 =YFa1*YSa1*Yε1*
2∗k1∗T1

𝑏1∗𝑡1∗𝑚12 ≤ σb1 

σ4 =YFa1*YSa1*Yε1*
2∗k2∗T2

𝑏2∗𝑡2∗𝑚22 ≤ σb2 

 

(c) Adjacent conditions: 

dp1 ≤ 2*a12sin60
0 

dp2 ≤ 2*a´12sin60
0 

Where dp1and dp2 are the addendum circle diameter of 

the planet gears and a12 and a´12are the center distance 

of the gear wheels that are sun and planet gears in the 

both stages. 

 

(d) Tooth width conditions 

0.6*t1 ≤
𝑏1

𝑚1
 ≤ 1.3*t1 

0.6*t2 ≤
𝑏2

𝑚2
 ≤ 1.3*t2 

 

2.5 The bounds of the Design variables: 

 
 

MatLab Source code: 

For objective function 

function y = volume(x) 

y = 

((3.14285714286/4)*(((x(3))*(((((x(1))+(2*(1+x(4))))*

(x(2)))^2)+(3*((((0.5*x(1)*(x(5)-

2))+(2*(1+x(4))))*(x(2)))^2))))+((x(8))*(((((x(6))+(2*

(1+x(9))))*(x(7)))^2)+((3)*((((0.5*x(6)*((55.46/x(5))-

2))+(2*(1+x(9))))*(x(7)))^2)))))); 

end 

 

For Constraints 

function [c,ceq] = constraint(x) 

c(1) = ((0.6 * x(1) * x(2)) - x(3)); 

c(2) = ((x(3)) - (1.3 * x(1) * x(2))); 

c(3) = ((0.6 * x(6) * x(7)) - x(8)); 

c(4) = ((x(8)) - (1.3 * x(6) * x(7))); 

c(5) = ((x(5) * 5.69 * 10000)/(x(3) * x(1) * x(1) * x(2) 

* x(2) * (x(5) - 2))) - 1.15 ; 

c(6) = ((55.46 * 4.78 * 100000)/(x(8) * x(6) * x(6) * 

x(7) * x(7) * (55.46 - (2 * x(5))))) - 1.28; 

c(7) = (5.69 * 10000/(x(1) * x(2) * x(2) * x(3))) - 

19.4420; 

c(8) = (4.78 * 100000/(x(6) * x(7) * x(7) * x(8))) - 

20.4021; 

c(9) = (((0.5 * (x(5) - 2) * x(1)) + (2 * (1 + x(4))) ) * 

x(2)) - (0.866 * x(1) * x(5) * x(2)); 

c(10) = (((0.5 * ((55.46/x(5)) - 2) * x(6)) + (2 * (1 + 

x(9))) ) * x(7)) - (0.866 * x(6) * (55.46/x(5)) * x(7)); 

ceq(1) =x(10); 

end 
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IV Results and Analysis: 

After optimization the following results are obtained 

for the design parameters: 

 
 

Percentage reduction when compared to the given gear 

train  

= 
14415405 .59−12044594 .338

14415405 .59
 x 100 

 

= 16% 

 

The same input data and constraints were taken and 

solved in “The optimization of Two-Stage Planetary 

gear train based on Mathmatica” [2] and the result 

obtain is 13494224.3 mm
3
. When compared to the 

solution what obtained from GA is much efficient. The 

amount of volume reduced by solving with GA rather 

than the differential evolution algorithm is  

= 
13494224 .3 −12044594 .338

13494224 .3 
 x 100 

 

= 10% 
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