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Abstract: This paper presents work on the optimization method for spur gear design to minimize oil churning losses. Empirical model is 

used to study the oil churning losses; such model is validated using data available in literature. The oil churning losses appear if the 

rotating components are partially submerged in an oil bath.In this paper, Gear dimension such as module, pitch diameter, face width and oil 

churning power loss are optimized and compared with the experimental data in literature. The main objective function is to minimize oil 

churning power loss and constraints are minimum centre distance, minimum gear modulus and minimum number of teeth, surface 

compressive stress and bending stress. A gear transmission problem is one of the most complex optimization problems because of 

relationship between different variables. Therefore researchers are now going to use Non-classical Techniques. Genetic Algorithm is one of 

such techniques.   

Index Terms— Genetic Algorithm, Minimum oil churning loss, Empirical models, Spur gear  

——————————      —————————— 

1 INTRODUCTION                                                                     

he power losses of a gearbox containing several gear pairs 
that are supported by shafts and rolling element bearings 
can be classified into two groups. The first group is load-

dependent (mechanical) power losses caused primarily due to 
contacting surfaces of gears and bearings. The losses in the 
second group are load- independent (spin) power losses. Load 
independent power loss are oil churning losses and air 
windage losses. Load dependent power loss are rolling losses 
and sliding losses. 

In spin power losses are directly related to the lubri-
cation method. Oil churning losses appear if the rotating com-
ponents are partially submerged in an oil bath. Oil churning 
power loss is defined as the power loss when a gear is running 
in an oil bath or is dipping into oil ―slugs‖. Churning losses 
result from gear blanks revolving in the oil sump and generat-
ing splash for lubricating the gear teeth, bearings, and seals. 
Churning losses are a function of speed and oil level, oil vis-
cosity, tooth geometry and submerged depth of the gears. 
Several empirical formulas were proposed to estimate the oil 
churning losses.  

Conventional optimization methods have been 
widely used in various mechanical design problems. They are 
deterministic in nature and use only a few geometric design 
variables due to their complexity and convergence problems. 
When the number of design parameters increases, the com-
plexity increases. If the optimization problem involves the 
objective function and constraints that are not stated as ex-
plicit functions of the design variables or which are too com-
plicated to manipulate, it is hard to solve by classical optimi-
zation methods [1]. 

Hence it is necessary to develop more efficient and reliably 
technique that solves such problems. GA differs substantially 
from non-classical optimization methods. 
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Genetic algorithm is based on evolutionary processes 

and Darwin's concept of natural selection. It works on the 
principle that, only the fittest populations will survive while 
the bad populations are weeded out.  

2 LITERATURE REVIEW 

The literature review has been classified base on power loss 
and gear design 
Terekhov [2], In a paper the author conducted numerous ex-
periments with high viscosity lubricant (200-2000Cst), low 
rotational speeds and tested gear with a modulus ranging 
from 2 to 8 mm. The churning losses Pchurning   are independent 
on the gear tooth geometry and dependent on the viscosity of 
the lubricant. Lauster and Boos [3] have developed dimen-
sionless drag torque to their own measurement sets. Bones [4] 
discusses drag torque increases with an increasing Reynolds 
number. Changenet and velex [5] this paper evaluates the 
minimize energy losses, one possible way to improve churn-
ing loss consists in changing the shape of the casing. Test spur 
gear with number of teeth 20 to 102, face widths of 14 and 
24mm and modules of 1.5 to 5 mm. Seabra et al. [6] considered 
the churning power loss are dependent of gear immersed 
depth, rotating speed, lubricant viscosity and density, gearbox 
geometry.  
Literature Review based on Gear design optimization 

Mendi et al.[1]  optimized volume of gearbox. The 
gear volume obtained by GA is 1.47% lower than the gear vol-
ume obtained by Analytical method. Yokota [7] used Genetic 
Algorithm to minimize the weight of the gear for a con-
strained bending strength of gear, surface durability, torsional 
strength for pinion and gear and centre distance while face 
width, diameter of pinion and gear shaft, no of teeth on pinion 
and gear module as design variables. Mohan and Seshaiah [8] 
have introduced genetic algorithm to design multi objective 
optimized spur gear. Minimization of centre distance, minimi-
zation of weight and minimization of tooth deflection are 
taken as objective functions. Also module, face width & teeth 
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on pinion are taken as design variables, while bending stress 
and contact stress are taken as the design constraints. The con-
clusive result shows that the gear parameters obtained from 
genetic algorithm gives more optimal than the traditional gear 
design approach. Golabi. S [9] had used matlab optimization 
tool to design a gear train for minimization of volume as an 
objective function. Face width, width of gear box, diameter of 
gear & shaft and length of input & output shaft. Also bending 
stress, contact stress, no of tooth, module and face width are 
taken as the design constraints. Sanchez et al. [10] have been 
used GA to minimize weight of cylindrical parallel gear train. 
He has taken width, gear teeth numbers, normal module etc. 
as a design variable. Barbieri et al. [11] used Genetic Algo-
rithms in conjunction with a suitable objective function to find 
suitable profile modifications for a spur gear pair. Zhang [12] 
established the mathematical model for optimization design of 
gear reducer, with the purpose of minimum volume or quali-
ty. By using genetic algorithm and genetic toolbox of matlab to 
get optimum solution quickly and accurately, the efficiency 
and quality of gear design is greatly improved and the pro-
duction cycle is shorten.  

Literature review reveals that optimization of spur 
gear design carried out for minimization of volume, minimiza-
tion of centre distance and minimization of tooth deflection 
but very less attention given design of spur gear for oil churn-
ing losses. Therefore spur gear is has been taken for minimiza-
tion of oil churning losses. 

3 STATEMENT OF OPTIMIZATION PROBLEM  

3.1 Design variables 

Here pitch diameter (Dp), face width (b) and module (m) are 
considered as a design variables. 
F(x) =F (Dp, b, m) = F(X1, X2, X3) 
Upper and lower bounds of design variables are, 
0.09≤ Dp ≤ 0.212, 0.016 ≤ b ≤0.048, 0.002 ≤ m ≤ 0.004 

 
3.2 Formulation of objective function   

Churning losses depend mainly on the rotational speed, im-
mersion depth, pitch diameter, gear width, lubricant density 
and oil volume [5]. 
Minimum oil churning loss  
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 Sm = Immersion Surface area  
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Substituting of Eq. (2), (3) in Eq. (1) 
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3.3 Formulation of design constraints 

Design constraints are converted in terms of design variable 
like pitch diameter, face width and module. The constraints 
considered for the optimum design of spur gear is as follows 
[13]  

1. Minimum centre distance: 
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2. Surface compressive stress: 
Permissible surface compressive stress ≥ Surface compressive 
stress  
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3. Minimum number of gear module: 
Module ≥ Minimum number of gear module 
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4. bending stress: 
Permissible bending stress ≥ bending stress 
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5. minimum number of teeth: 
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4 CASE STUDY 

Optimize spur gear design for minimum oil churning losses 
for the following case study in table 1. 
For all the cases 
-Pitch diameter = 0.159m, Face width = 0.024m, Module = 
0.003m 
-Velocity ratio i = 2 
Table 1: given data for different case study [5]. 

Case study 1 2 3 

Input power 
Pkw 

1.5 1.5 1.5 

Rotational 
speed 

1000 2000 3000 

Torque trans-
mited (N.m) 

18.63 9.308 6.205 

Experiment 
Power loss (w) 

17 51 97 

The parameters considered for the spur gear design is given 
below. 
Material of gear = carbon steel (C-45) 
Permissible bending stress [b] = 67.08×106 N/m2 
Surface compressive stress [c] = 142.93×107N/m2 
Young’s modulus of the material (E) = 2.108×1011 N/m2 
Pressure angle (Ø) = 20  ̊
Product of load concentration factor (k) and dynamic load 
factor (kd) = 1.3 
Design torque transmitted [Mt] = 18.61 N.m (case-1) 
Lewis form factor for spur gear (Y) = 0.410 
Lubricant properties [5]: 



 

 

Kinematic viscosity ν = 48×10-6 m2/s, density ρ = 873 kg/m3 
Finally optimization problem for the above data is written as, 
(case-1) 
Find out design variables 

F(x) =F (Dp, b, m) = F(X1, X2, X3) 
Which minimize 

 Pch(x) = oil churning power loss 
 Pch=253.50×102 X11.89. X2-0.21(0.1132 X12+0.7227 X1X2+58.37 X2 X3)           
Subject to design constraint 

g1 = X1 – 53.X3  
 g2 = 18.10 X1 ≥1 
 g3 = X1.X20.5 ≥ 5.026×10-3 
 g4 = X10.33. X30.66 ≥ 6.471×10-3 
 g5 = X1. X2. X3 ≥ 2.709×10-6 
 g6 = X1. X3-1 ≥ 11.50 
Similarly objective function and constraint is developed for 
case number 2 and 3. 

5 IMPLEMENTATION OF GENETIC ALGORITHM 

5.1 Fitness Function 

To use Genetic Algorithm Toolbox functions and writes an M-
file in computer the function to optimize. Specify the function 
as a function handle of the form @simplefitness, where simple-
fitness.m is an M-file returns a scalar is shown below. 

Function y = simplefitness(x) 
y=(253.50*10^2)*(x(1)^1.89)*(x(2)^0.21)*(0.1132*(x(1)^2)+0.722
7*(x(1))*(x(2))+58.379*(x(2))*(x(3))); 

 
5.2 Bounds 

Specify lower bounds as [0.09, 0.016, 0.002] and upper bounds 
as [0.212, 0.048, 0.004]   

 
5.3 Nonlinear Constraint Function  

It defines the nonlinear constraints. Specify the function as an 
anonymous function or as a function handle of the form 
@simpleconstraint, where simpleconstraint.m is an M-file that 
returns the vectors c and ceq as shown below. The nonlinear 
equalities are of the form ceq = 0, and the nonlinear inequali-
ties are of the form c ≤ 0. 

Function[c, ceq] = simpleconstraint(x) 
c=1-18.10*(x(1));(5.026*(10^-3)-
((x(1))*((x(2))^0.5)));((2.709*(10^-6))-
((x(1))*(x(2))*(x(3))));((6.4711*(10^-3))-
((x(1)^0.33)*(x(3)^0.66)));(11.50-((x(1)*x(3)^-1))); 
ceq = (x(1)-((x(3))*53)); 

 
5.4 Different parameters of GA 

Different parameters and its selected value are shown in Table 
2. 
Table 2: Selected Values of Different Parameters for GA 

Parameters Selected 

Population size 20 

Initial Range [0;1] 

Elite Count 2 

Crossover Fraction 0.8 
Generation 50 

6 RESULTS AND DISCUSSION 

The figure 1 shows the optimized values of design variables. It 
plots the vector entries of the individual with the best fitness 
function value in each generation.(case-1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Current Best Individual vs. Number of Variables 
Same plots for case number 2 and 3 but different value of 
power loss 
Actual and GA values of design variable and objective func-
tion are tabulated below in table 3. 
Table 3: Comparison of values of Design Variables & Objective 
Functions, those are obtained actually and using Genetic Al-
gorithm.  
 

Parameters 

Actual [5] Values of GA % 

Chang

e 
Case

-1 
Case

-2 
Case

-3 
Case

-1 
Case

-2 
Case

-3 

Pitch  

Diameter 

(mm) 

159 159 159 106 107 106 33.33 

Face 
width(mm) 

24 24 24 16 16 16 33.33 

Moule(mm) 3 3 3 2 2 2 33.33 

Churning 
loss(w) 

17 51 97 4 12 23 75 

Above table shows that, there is 33.33% reduction in pitch di-
ameter, face width, module and 75% reduction in oil churning 
power loss.  

7 CONCLUSION 

In this study the attempt has made to optimize oil churning 
loss with different constraint such as surface compressive 
stress, bending stress, minimum number of teeth and mini-
mum number of gear module. The variable considered are 
pitch diameter, face width and module .Result shows that, 
Gear dimension such as module, pitch diameter, face width 
and oil churning power loss are optimized and compared with 
the experimental data in literature and all objectives are satis-
fied. So  GA is one of the best tool for optimization problem. 
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