IJEANS International Journal of Food and Nutritional Sciences

Research paper (CRI) PR VT NER:V B S L MUGC CARE Listed (Group -I) Journal Volume 8, Issue 3, 2019

On the possibility of improving the life of NU204 cylindrical roller
bearings by design optimization using genetic algorithm in
MATLAB

Sireesha Koneru*?,
& Department of Mechanical Engineering, Koneru Lakshmaiah Education Foundation
(KLEF), Green Fields, Vaddeswaram-522502, India.
Boggarapu Nageswara Rao?
& Department of Mechanical Engineering, Koneru Lakshmaiah Education Foundation
(KLEF), Green Fields, Vaddeswaram-522502, India.*Corresponding author:

sireekonerus@gmail.com

Abstract

The NU series of single-row cylindrical roller bearings (CRBs) are designed to withstand
high speeds and heavy radial loads. It consists of inner ring, outer ring, cylindrical rollers,
and cage. They are suitable for use as non-locating bearings because they can accommodate
axial displacement of the shaft relative to the housing in both directions. Electric motors and
conveyor systems are just two of the many applications in which it is frequently used. Many
bearings prematurely fail due to wear, so their design needs to be re-evaluated. Bearing life is
directly related to dynamic capacity (Cq). Design involves numerous variables and complex
constraints. Here, an attempt is made to use genetic algorithm (GA) of MATLAB to optimize
the life of NU204 CRB by reducing the number of constraints and design variables. A
comparison is made between its life expectancy and current best practices. The optimal design
Cq is 60% more than the value shown in the SKF standard catalogue.
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1. Introduction

A prominent feature of the NU204 CRBs (see Figure-1) is their ability to handle loads. They
are excellent for supporting large radial loads with little friction. A single-row NU204 CRB
configuration consists of inner and outer rings with cylindrical rollers separated by a cage [1].

They are widely used in conveyor systems and electric motors. Numerous works have been
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documented in the literature. Dragoni [2] proposed an optimal design of CRBs to improve
load carrying capacity. Evolutionary algorithms (EAs) were used by Tiwari et al. [3] and
Kumar et al. [4] to extend the life of the CRB, but the design is complex and requires more
iterations. A thorough investigation of rolling bearings analysis is reported in [5-7].
Dandagwhal and Kalyan Kumar [8] attempted to use the TLBO technique to increase the
dynamic capacity (Cq) of CRB and deep groove ball bearings. These methods, however,
require more design constraints, which increase the computational time and iterations. The
main reasons for this are inclusion of some tolerance-based constraints and the treatment of

geometric design variables as independent.

Bearing outer diameter, D =47 mm
Bearing bore diameter, d = 20 mm
Width, B =14 mm

Figure-1: NU204 CRB Internal profile

The present work uses MATLAB’ GA to obtain optimal design variables that minimize
constraints and optimize dynamic capacity (Cq). The results are compared with the values

reported in a SKF standard catalogue, and it is observed that the life is increased by 60%.

2. Design/Methods/Modelling
Figure-2 shows the internal profile of single-row cylindrical roller bearings (CRBs) with

design variables of the NU series.
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Figure-2: Internal profile of CRB
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The design variables Dm, Dy, Z, B present in equation (1) for the dynamic capacity (Cq) of

CRBs. This serves as an objective function in the present study [5].
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“le ” is the effective length (mm); “i " is the number of rows in the rolling elements; 1 = 0.61

is the reduction factor; v = 1.36 for edge loading; and the geometrical precision factor, b, =1

[6]. Z in equation (4) is dependent on Dy, and Dy [9], which reduces the number of constraints.

Fatigue affects bearing life. It can be described as [5]:

L, = (C—Fjj x10° ()

L, , is the 90 % reliable bearing life (in revolutions); “P” represents equivalent radial load in

Newton; and for line contact the load-life exponent n = 3.33. The bearing life increases with
increasing Cq.

Table-1 presents the design constraints. The minimum and maximum ball diameter limiters
are denoted by Kpmin and Kpmax. B is the roller effective length parameter. The parameter “e”
is for mobility conditions. Table-2 provides the SKF catalogue design variables. Following the
simplified design approach [9], the range of parameters in Table-3 are obtained and used while

optimizing the dynamic capacity (Cq) of NU204 CRB.
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Table 1: Design Constraints [5]

Constraint(s) | Range of design variables
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Table 2: NU204 CRB design input from SKF catalogue [1].
Dimensions (mm) Cq No
D d B " min 2 min "3 min Ty min (k N) (rpm)

47 20 14 1.0 1.0 0.6 0.6 25.10 | 19000

Table 3: Range of design parameters for optimizing the NU 204 CRB

Design Dimensions (mm) | Kpmin Kbmax € e B
parameters | Dm Dy

Lower limit | 34.85 7.18 0.4 0.6 0.3 |0.03 |0.75

Upper limit | 35.51 8.1 0.5 0.7 0.4 |0.08 |0.85
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3. Results and Discussion

Using the GA of MATLAB [10] and the range of design parameters for NU204 CRB, the
maximum dynamic capacity (Cq) is determined. The results are compared with the values
reported in a SKF standard catalogue, and it is observed that the life is increased by 60%.

Figure-3 shows a comparison of Cq obtained using different optimization techniques.

Table 4: Optimum design variables and Cq4 of NU204 CRB

Dimension (mm) Design parameters Cq

D |d |B Dm Dy le Z | Kamin | Kdmax € e p (kN)
11.

47 |20 |14 | 3517 |7.82 9 14 | 0.469 | 0.639 | 0.398 | 0.0504 | 0.85 38.8
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Figure3: Comparison of maximized Cq4 for NU204 CRB using different optimization

techniques

4. Conclusions

In order to maximize a bearing’s dynamic capacity (Cq), and achieve high performance,
reliability, and efficiency in mechanical systems, a number of variables and complex
constraints must be taken in to account. To determine optimal set of design parameters,
optimization techniques such as RSM (response surface methodology), FEA (finite element
analysis), and GA (genetic algorithms) can be applied. In this paper, the life of NU204 CRB
is optimized by maximizing Cq using MATLAB’s GA. A comparative analysis of various
optimization schemes (such as GA, ABC, and TALBO techniques) is conducted to determine
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the optimal solution of the current design problem. The value in the SKF standard catalogue is

60% lower than the optimal design value of Cq, which is 38.8 kN. Inadequate installation,

contamination, lubrication problems, and high loads can all lead to different kinds of CRB

failures. It is possible to reduce CRB failures through routine maintenance and monitoring,

which will enhance bearing life and performance.
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