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Abstract— Ball Bearings are used mostly in mechanical 

equipment due to its low friction capability. For efficient 

performance of bearing, it should be optimized by specific 

parameters. In this work, deep groove ball bearing is 

selected and the dynamic load capacity of it is to be 

optimized. The design parameters include bearing pitch 

diameter, the rolling element diameter, number of rolling 

elements and inner and outer-race groove curvature radii. 

The objective function is to maximize dynamic load 

capacity. The Teaching-Learning based Optimization 

technique is selected for the Optimization of Deep groove 

ball bearing. This method works on the effect of influence of 

a teacher on learners. Efforts are made to maximize the 

dynamic load carrying capacity of deep groove ball bearing 

with given design parameters and constraints. 
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I. INTRODUCTION 

Rolling-element bearings are commonly used in machinery 

for a wide range of applications in the mechanical and 

aerospace engineering. In the past, rolling bearings were 

referred to as antifriction bearings, since they have much 

lower friction in comparison to sliding bearings. Many types 

of rolling-element bearings are available in a variety of 

designs that can be applied for most arrangements in 

machinery for supporting radial and thrust loads. The rolling 

elements can be balls, cylindrical rollers, spherical rollers, 

and conical rollers. 

The deep-groove ball bearing is the most common 

type, since it can be used for relatively high radial loads. 

Deep-groove radial ball bearings are the most widely used 

bearings in industry, and their market share is about 80% of 

industrial rolling-element bearings. Owing to the deep 

groove in the raceways, they can support considerable thrust 

loads (in the axial direction of the shaft) in addition to radial 

loads. A deep-groove bearing can support a thrust load of 

about 70% of its radial load. The radial and axial load 

capacity increases with the bearing size and number of balls. 

II. DEEP GROOVE BALL BEARING TERMINOLOGY 

 
Fig. 1 Deep Groove Ball Bearing Terminologies 

Db  = Ball Diameter 

Dm  = Mean Diameter,   
(   )

 
 

D   = Outside Diameter  

d    = Bore Diameter 

di     = Inner ring ball race Diameter 

do    = Outer ring ball race Diameter 

ri    = Inner ring groove curvature radii 

ro     = Outer ring groove curvature radii 

w   = Width 

III. LITERATURE REVIEW 

Several research works has been done on optimization of 

various machine elements but very few literatures are 

available on optimization of rolling element bearings. 

Shantanu Gupta[1] has optimized three primary objectives 

for a rolling bearing, namely, the dynamic capacity, the 

static capacity and the elastohydrodynamic minimum film 

thickness separately, pair-wise and simultaneously using an 

advanced multi-objective optimization algorithm: NSGA II. 

B. Rajeswara Rao [2] took Maximum fatigue life as 

objective function and constrains are based on kinematics. 

The bearing pitch diameter, the rolling element diameter, 

number of rolling elements and inner and outer-race groove 

curvature radii were taken as design variables. 

R.V. Rao [3] have found new efficient optimization 

method, called „Teaching–Learning-Based Optimization 

(TLBO)‟, is proposed by them for the optimization of 

mechanical design problems. They tested on five different 

constrained benchmark test functions with different 

characteristics, four different benchmark mechanical design 

problems and six mechanical design optimization problems 

which have real world applications. R.V. Rao [4] has 

proposed an optimization method called Teaching–
Learning-Based Optimization for large scale non-linear 

optimization problems for finding the global solutions. They 

tested the effectiveness of the method is tested on many 

benchmark problems with different characteristics and then 

they compared the results with other population based 

optimization algorithms such as GA, ABC, PSO, HS, DE, 

Hybrid-PSO, etc. by experimenting with different 

benchmark problems with different characteristics. The 

effectiveness of TLBO method was also checked for 

different performance criteria, like success rate, mean 

solution, average function evaluations required, convergence 

rate, etc. They proved that TLBO shows better performance 

of TLBO. 

R. Venkata Rao [5] has carried out the parameter 

optimization of a multi-pass turning operation using the 

teaching–learning-based optimization algorithm. They 

considered two different examples that have been attempted 

previously by various researchers using different 

optimization techniques. The first example taken by them 

was a multi-objective problem and the second example was 

a single objective multi-constrained problem with 20 
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constraints. They studied the performance of the TLBO 

algorithm in terms  of the convergence rate and accuracy of 

the solution and compared to other advanced optimization 

methods.  

R. Venkata Rao [6] have considered mathematical 

models of three important casting processes namely squeeze 

casting, continuous casting and die casting for the 

parameters optimization of respective processes. They 

described each process with a suitable example which 

involves respective process parameters. R. Venkata Rao [7] 

has introduced and applied for the multi-objective 

optimization of a two stage thermoelectric cooler (TEC). 

They considered two different arrangements of the 

thermoelectric cooler for the optimization. Maximization of 

cooling capacity and coefficient of performance of the 

thermoelectric cooler were considered as the objective 

functions. R. Venkata Rao [8] has studied about three 

different modern machining processes USM, AJM and 

WEDM are considered for optimization using TLBO 

algorithm. They considered different examples for each 

process. 

Ajinkya Karpe [9] has created 3D model of the 

roller ball bearing in ANSYS workbench. The basic 

methodology used by them was the contact stress analysis 

between the races and the balls. They fixed the outer race 

and the inner race was subjected to radial loading and 

rotation from the shaft. 

TANG Zhaoping [10] built a 3-D model of deep 

groove ball bearing using APDL language embedded in the 

finite element software ANSYS. The simulation results of 

ANSYS by them have proved that the computational values 

were consistent with theoretical values. 

IV. PROBLEM IDENTIFICATION 

In Deep groove ball bearing, various parameters are 

optimized by researchers using various optimization 

techniques. In this work, the dynamic load carrying capacity 

of Deep groove ball bearing is selected as the parameter to 

be optimized. The technique selected for optimization is 

“Teaching-Learning based Optimization”. 

A. Design Optimization Problem of Deep Groove Ball 

Bearing 

On the basis of the requirements of particular application, 

different objective functions for Deep groove ball bearings 

may be proposed; the most important of these is the 

requirement of the longest fatigue life of bearing. In normal 

operating conditions fatigue failure is the main mode of 

failure in rolling element bearings. If a bearing is clean and 

properly lubricated, is mounted and sealed against the 

entrance of dust and dirt, maintained in this condition, and 

operated at reasonable temperatures, then the metal failure 

will be the only cause of failure. Metal fatigue implies many 

millions of stress applications successfully endured, we need 

a quantitative life measures. The life of an individual 

bearing is defined as the number of revolutions or the 

number of hours at a given constant speed of bearing 

operation required for the failure criteria to develop. So, for 

rolling element bearings maximum fatigue life is a prime 

requirement. The fatigue life (L) of Deep Groove Ball 

Bearing is subjected to normal load C can be estimated by 
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Where Cd is the Dynamic load carrying capacity 

and n=3 for Deep Groove Ball Bearing. 

1) Design Parameters for Deep Groove Ball Bearing 

Design parameters are internal structural sizes and other 

variables, called main parameters, which need to be 

determined in the bearing design. The five design variables 

chosen in this problem are diameter of the balls (Db), mean 

diameter (Dm), number of balls (Z), curvature radius 

coefficient of inner raceway groove (fi = ri/Db) and curvature 

radius coefficient of outer raceway groove (fo = ro/Db); 

where ri and ro are the inner and outer ring groove curvature 

radius. 

2) Objective Function 

Based on the dynamic load capacity the objective function 

[1] can be expressed as, 
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Where   = Db  cos α /Dm is not an independent 

parameter, and hence it does not appear in the vector of 

design parameters. Here α is thr free contact angle that 

depends upon the type of the bearing. In the current 

discussion, the deep groove bearing is considered, for which 

α is equal to zero. 

3) Design Constraints 

In the present project work, there are ten inequality 

constraints
 

[2] have refined to obtain realistic optimum 

design parameters. For the convenience of the bearing 

assembly, number and diameter of balls should satisfy the 

following requirement: 
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where  0 is the maximum tolerable assembly angle. 

The constraint condition can be written as, 

g1(X) = 
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The diameter of the rolling element should be 

chosen from certain bounds, that is 
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Where KDmin and KDmax are unknown constants and 

D and d are the outside and bore diameters of bearings, 

respectively. The corresponding constraint conditions are 

given as, 

g2(X) = 2Db  – KDmin (D – d) ≥ 0    (3.9) 

g3(X) = KDmax (D – d) – 2Db ≥ 0      (3.10) 



Optimization of Dynamic Load Carrying Capacity of Deep Groove Ball Bearing using Teaching - Learning based Optimization Technique 

 (IJSRD/Vol. 3/Issue 05/2015/105) 

 

 All rights reserved by www.ijsrd.com 449 

where 0.6 ≤  KD max  ≤  0.7 and 0.4  ≤  KD min  ≤  0.5 

In order to guarantee the running mobility of 

bearings, the difference between the pitch diameter and the 

average diameter in a bearing should be less than a certain 

given value. Therefore, the following two constraints are to 

be satisfied: 

g4(X) = Dm – (0.5– e) (D+d) ≥ 0    (3.11) 

g5(X) = (0.5– e) (D+d) - Dm  ≥ 0    (3.12) 

Where e is an unknown constant with 0.03  ≤  e  ≤  

0.08 

In practice the inner ring is always subjected to 

more stresses than the outer ring, so it is necessary to put a 

constraint on the ring thickness that it should be more than 

or equal to the outer ring thickness, that is 

g6(X) = 
    

 
 
    

 
  ≥ 0     (3.13) 

Where di and do are the inner and outer raceway 

diameters at the grooves. The thickness of bearing ring at 

outer raceway bottom should not be less than  Db, Therefore 

the constraint condition is 

g7(X) = 0.5(D – Dm – Db) – εDb  ≥ 0   (3.14) 

where   is an unknown constant with 0.3  ≤     ≤  

0.35 

The width of bearing, w, gives constraint on the 

diameter of the ball and the constraint can be given as 

g8(X) = βw – Db ≥ 0     (3.15) 

where   is an unknown constant with 0.7  ≤     ≤  0.85 

KD max and   are the factors which are deciding the 

upper bound of the rolling element diameter. Groove 

curvature radii of inner and outer raceways in a bearing 

should be more than 0.515Db. If it is less than 0.515Db, the 

dynamic load rating of the bearing declines. 

g9(X) = fi ≥ 0.515                                 (3.16) 

g10(X) = fo ≥ 0.515     (3.17) 

In summary, the design optimization problem is 

summed up as an optimization of an objective function Cd 

satisfying ten inequality constraints. The outcome of the 

final optimization is five bearing design parameters, X, and 

five constraint constants (KD min, KD max,  , e and  ). 

V. TLBO METHODOLOGY 

TLBO is nature-based optimization algorithm. The main 

objective to of this type of algorithm is to solve various 

optimization problems efficiently. While using this 

algorithm, assumption can be taken as nature‟s behavior is 

always optimal. 
This method is intended to achieve global solutions 

for continuous non-linear functions with very less number of 

iterations and high constancy. The method works on the 

effect of the impact of a teacher on the outcome of students 

in a class. Outcome is considered as results or grades of 

students. A teacher is believed as a highly educated person 

in society who increases the knowledge of students. The 

result of students is highly dependent on knowledge of 

teacher. A good teacher always teaches his or her students in 

a way that they can get good results. 
TLBO is a population based method. It uses 

number of solutions to find the global optimum solution. In 

TLBO, population is a class of students. In optimization 

methods, the population is made of various design variables. 

In this method, design variables are taken as different 

subjects offered to students and students‟ results is taken as 

the „fitness‟ same as in other optimization techniques.  

VI. IMPLEMENTATION OF TLBO TECHNIQUE 

A. Step by Step Procedure 

The procedure for implementation of TLBO technique for 

Deep Groove Ball Bearing is as follows: 

1) Step 1:  

Select any bearing & specify the following parameters of 

that bearing  

D   = Outside Diameter  

d    = Bore Diameter 

di    = Inner ring ball race Diameter 

do   = Outer ring ball race Diameter 

ri   = Curvature radius of inner raceway groove 

ro   = Curvature radius of outer raceway groove 

w  = Width 

Dssign variables are diameter of the balls (Db), mean 

diameter (Dm) and number of balls (Z). 

2) Step 2:  

Verify all the parameters of selected bearing using 

constraint equation g6(X). 

Step 3: Find the range of Design variables 

- Constraint equations g2(X), g3(X) are used to 

find the range of Db.   

- Constraint equations g4(X), g5(X) are used to 

find the range of Dm. 

- Constraint equations g1(X) is used to find the 

range of Z. 

Range of Z can be found after finding ranges of Db and Dm 

because these values are needed in evaluation of g1(X). 

3) Step 3:  

Generate random matrix for Design variables 

Design variables are in form of matrix. Random matrixes 

are generated for the given range of all variables as per 

population size. 

4) Step 4: 

Verify all design variables for all constraint equations gn(X) 

5) Step 5:  

Select those variable which satisfies all constraint equations 

and put values of these variables in Objective function Cd 

6) Step 6:  

Select those variables which give maximum values of 

Objective function Cd. 

7) Step 7:  

Select another bearing and repeat all steps. 

B. MATLAB Programming for TLBO Technique 

For Optimization of Dynamic load Capacity of Deep 

Groove Ball Bearing using TLBO technique following 

MATLAB programming is done. 

Two separate files are generated in programming. 

First file is Program file. 

Second file is function file. 

Input parameters are D, d, di, do, and w. 

VII. RESULTS AND DISCUSSIONS 

A. Results 

As per the Input parameters, which are boundary conditions, 

Optimum design parameters (Z, Db, & Dm ) are as follows : 

Here,  
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Class size = 50 

Number of generations = 2000 

Optimum Design Variables for Deep Groove Ball Bearing 

are given in Table 1. 

From all bearings given in Table 1, one bearing is selected 

(D=30, d=10, di = 16, do = 26 & w=9). Graphs are plotted 

for this bearing with respect to various parameters. 

 
Fig. 2: Db vs Generations 

Fig. 2 shows the relation between Db and number 

of generations. It can be seen from the graph that the value 

of Db ranges from 5 to 7 mm. 

Fig. 3 shows the relation between Dm and number 

of generations. It can be seen from the graph that the value 

of Dm ranges from 18 to 22.5 mm. 

Fig. 4 shows the relation between Db vs Dynamic 

load capacity. It is seen from the graph that Dynamic load 

capacity varies from 5500 N to 7000 N as per value of Db. 

 
Table 1 Optimum Design Variables for Deep Groove Ball 

Bearing 

 
Fig. 3 Dm vs Generations 

 
Fig. 4 Db vs Dynamic load capacity 

Maximum value of Dynamic load capacity is 

around 7000 N for this bearing. 

 
Fig. 5 Dm vs Dynamic load capacity 

Fig. 5 shows the relation between Dm vs Dynamic 

load capacity. It is seen from the graph that Dynamic load 

capacity varies from 5500 N to 7500 N as per value of Dm 

     
Fig. 6 Z vs Dynamic load capacity 

Fig. 6 shows the relation between Z vs Dynamic load 

capacity. For three values of Z, i.e 6, 7 & 8, the relation is 

shown in graph. 

 

Fig. 7 Dynamic load capacity vs Generations 
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Fig. 7 shows the relation between Dynamic load 

capacity vs number of generations.  

Table 1 shows the comparison of result of TLBO 

with GA for various sizes of Deep Groove Ball Bearings. 

The results of TLBO are found better than results of GA for 

all sizes of bearings. 

B. Analysis for Bearing in ANSYS 

For a bearing (D=30, d=10, di = 16, do = 26, w=9, Z=7, Db = 

6.4039, Dm = 22.1823), 2D drawing is made in AutoCAD is 

shown in Fig. 8. 

 
Fig. 8 Bearing 2D Drawing 

 
Fig. 9 Bearing 3D model 

3D model of Bearing is created in CREO 

Parametric 3.0 as shown in Fig. 9. 

Geometry of Bearing is imported in ANSYS for 

analysis. 

Bearing Steel is selected as material and its 

properties are Ultimate tensile strength of material is 650 

MPa, Young‟s Modulus and Poisson‟s Ratio are 2.1E+0.5 

and 0.3 respectively. Density of material is 7850 kg/m
3
. 

 
Fig. 10: Mesh Creation 

Mesh is created in bearing as shown in Fig. 10. The 

details of the Mesh created are shown in fig.6.12. Element 

size is 0.50 mm. Total number of elements are 40679 and 

total number of nodes are 139881. 

 
Fig. 11 Fixed Boundary condition 

As shown in fig.6.13, lower portion of the bearing is fixed. 

 
Fig. 12 Force applied at 90

0 
contact angle 

Force is applied on inner race at 90
0 

contact angle 

as shown in Fig. 12. Radial load of 3912.8 N is applied on 

the bearing. 

Stress generated in bearing is shown in fig.6.13. 

 
Fig. 13 Stresses generated in Bearing 
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C. Observation 

 Maximum stress generated in the bearing is 408.97 

MPa. 

 Factor of safety is 1.59 

 Design is succeeded under expected load condition. 

Strain developed in bearing is shown in Fig. 14. 

 
Fig. 14 Strain developed in Bearing 

D. Observation 

 Strain developed in bearing is 1.9 micron/mm. 

 For Bearing Steel % Elongation Capacity = 12% 

Minimum 

 Design  is  safe  against  its   % Elongation  

Capacity 

 
Fig. 15 Total deformation of Inner ring 

E. Observation 

 Total deformation found on Inner ring is 22.6 

micron 

 Negligible Deformation against Ring Dimensions 

VIII. CONCLUSION 

 The constraint based optimization problem for 

optimization of Deep groove ball bearing is solved 

using Teaching-Learning based Optimization 

Technique. 

 The dynamic load capacity is taken as objective 

function. 

 Results show that Optimized parameters we got from 

TLBO Technique is found to be better than GA by 10 to 

20% for different size of bearing. 

 Results of analysis in ANSYS gives the maximum 

stress value of 408.97 MPa, which gives factor of safety 

1.59. 

 Optimized design parameters are found to be better as 

compared to GA and these optimized parameters are 

analyzed in ANSYS and proven feasible. 
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