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Abstract—This paper provides a numerical investigation of
material configurations for deep groove ball bearing. The
static structural analysis was numerically modelled using
ANSYS 18.2 FEA for deep groove 6210 ball bearing.
Successful validation was achieved with theoretical and
ANSYS values resulting in good agreement. The 6210 ball
bearing is numerically investigated by implementing 4
different materials for respective components and a fixed
radial load of 1 kN. The effects of total deformation, shear
stress, equivalent Von-Mises stress, and equivalent stain are
assessed theoretically and numerically. The adoption of
different materials resulted in a hybrid ball bearing, achieving
lowest total deformation of 5.6 pm, when compared with
benchmark model. It was concluded that hybrid ball bearing
incorporating different materials for key respective
components studied in this work exhibited significant benefits
for the application of deep groove ball bearings for electric
drives.
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1. INTRODUCTION

The analysis of bearing operational performance is
crucial for understanding how to minimise friction between
the rings and rolling elements and to ensure higher wear
resistance and lifetime. In terms of rolling resistance
reduction, the potential of ball bearings can be significantly
extended using alternative materials for manufacturing.
This improvement brings an extend in lifetime and a higher
accuracy throughout various applications in electrical
machines and motor drives.

This paper provides static structural analysis of a deep
groove ball bearing (BB) manufactured using four different
materials including ceramic. With the recent studies of
hybrid and ceramic BB, it was found that they have a high
strength bearing capacity and lower wear in comparison to
steel bearings. The advantages of hybrid and ceramic BB
can be proved using finite element analysis which is a very
powerful tool for investigation of contact stress, strain,
penetration and sliding distance [1]. The load bearing
capacity and corresponding lifetime can be effectively
investigated and predicted through fatigue analysis as
discussed in [2]-[4]. The load bearing distribution and
effect of housing deformation was observed by Azianou et
al. [5] using a finite element and semi-analytical approach
where the rolling elements have been replaced by user
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elements. Xu et al. [6] analysed the contact stress under
different structural parameters, and discussed the effects of
curvature coefficient. [1] presents analysis of the contact
stress of bearings and related deformation investigated
analytically and through simulation approach. The present
study on abrasive wear of grooved journal bearings gives
an overview of the influence of the friction. For this reason,
bearing load condition monitoring should be carried out
using heavy loads for mechanical properties [7]-[9]. Yang
et al. [10] used FEA analysis to visualise the different
stresses and loads in bearings. Rao et al. [11] investigated a
“static structural and transient dynamic analysis of 6200
deep groove ball bearing” and compared theoretical and
numerical results of shear stresses, deformation, Von-Mises
stresses, and equivalent strains resulting in good agreement.
Zhaoping et al. [1], conducted numerical ANSYS
simulations presenting how contact analysis changes in
stress, strain, penetration among the elements of ball
bearing. The present study deals with the static structural
analysis of a deep groove BB both theoretically and using
ANSYS FEA.

II. StATIC STRUCTURAL ANALYSES OF 6210 BALL BEARING
A. Analytical Design of 6210-Ball Bearing

The dimensional constraints for 6210 BB are presented
below in Fig. 1, identifying key components: outer ring,
inner ring, balls, and cage.

B. Theoretical Calculations

To determine the displacements, stresses, strains, and
forces caused by the lead on bearings, the Hertz contact
stress, principal stresses, Von Mises stress, Deformations,
and strains are calculated theoretically in order to correlate
with ANSYS. The following assumptions are made by
Hertz [11]:

Symbol 6210

D 90 mm

d 50 mm

D d di| Dy B 20 mm
di 57 mm

83 mm

1.1 mm

Fig. 1. Schematic representation of 6120 BB with given dimensional
values.



e The yield stress is not exceeded, and the material is
homogenous.

e There are no tangential forces induced between the
solids.

e Contact is limited to small portion of the surface.
e The solids are treated as steady state

Using the assumptions the considered pressure within
the ellipsoid contact can be obtained as follows [11], [12]
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where, pmax 1s the maximum contact pressure at the centre
of the elliptical contact area; a and b are the semi-major
axis and semi-minor axes of the ellipse, respectively.

The maximum pressure is determined as follows
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where F' is normal applied load. The axes a and b can be
obtained using the following equations:
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where R; is the radius of the ball; R, is the radius of the
inner race groove; Rj is the radius of the inner race.

The ellipticity parameter J(k) can be used to obtain the
curvature differences and elliptical integrals of the first (8)
and second (9) kind, respectively [12].
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Fig. 2. Schematic mesh representation of numerical model for 6210 BB.
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The equivalent Youngs Modulus y can be calculated as
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where, v, and v, are the poisons ratio of the two surfaces in
contact; £, and £, are the Young’s moduli of the two
materials in contact.

The maximum deformation J can be obtained as follows
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The Von-Mises Stress is determined using the following
equation:
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where, 01,3 and 7y,; are the stress acting on the main
components (inner ring, ball, and outer ring), respectively.

The maximum shear stress 7,,,x and equivalent strain &
can be obtained using the following equations, respectively

TABLE I. MECHANICAL PROPERTIES OF SELECTED MATERIALS FOR 6210 BB FOR STATIC STRUCTURAL ANALYSIS.

Mechanical Properties Unit ][;Illsllf)zslé)lgt ?(Isscls\?ﬁ tll)- {IBI ]l)&‘lll\?llf)%)lc‘)& Ceramic SI3N4 | Polyetheretherketon 450G (Peek)
Young’s Modulus GPa 210 200 210 210 3.56
Shear Modulus GPa 80 86 82.031 127 1.39
Bulk Modulus GPa 140 170 159 241 2.704
Hardness HRC 60 70 60 80 /
Tensile Yield Strength MPa 300 215 310.5 525 105
Density g/em® 7.81 8 7.83 3.29 1.263
Young’s Modulus GPa 210 200 210 210 3.56




TABLE II. SELECTION OF MATERIAL FOR KEY COMPONENTS FOR 6210 BB.

BB-Design Inner Ring Outer Ring Ball Cage
BB-1 105Cr4 105Cr4 105Cr4 Peek
BB-2 100Cr6 100Cr6 100Cr6 Peek
BB-3 X5CrNi18-10 X5CrNi18-10 X5CrNi18-10 Peek
BB-4 Si3N4 Si4N4 Si3N4 Peek
BB-5 X5CrNi18-10 Si3N4 X5CrNi18-10 Peek
BB-6 Si3N4 X5CrNil8-10 Si3N4 Peek

o, o, obtained from theoretical calculations and static structural

T = 5 (17) analysis using ANSYS for a fixed load of 1kN are

presented.

£= oy (18) A. Total Deformation and Equivalent Strain

2 The theoretical and numerical values for total

C. Material Selection

In order to analyse the influence of material properties
on structural performance of BB, different materials have
been identified to be beneficial for industrial applications in
the area of electric motor drives. The selected materials are
presented in Table I and compared regarding their
mechanical properties.

D. Numerical Setup

Simplified 3D models of ball bearing are developed,
using a combined mesh not exceeding 30,000 cells. The
dimensions of the 6210 ball bearing can be found in Fig. 1.
The outer ring was fixed, and the motion was induced to
the balls and the inner ring only. Additionally, the radial
load of 1kN was applied to the inner ring only. All
simulations are conducted on a Fujitsu Celsius W510 Pro
GREEN workstation, with a Quad-Core Intel Xenon,
3.3 GHz and 16.0 GB RAM, running the CFD software
ANSYS 18.2.

E. Numerical Design

Six different numerical BB designs have been
developed with constrained dimensions mentioned
previously for a 6210 BB (Fig. 1). Parametric studies have
been conducted varying the material selection for the outer
ring, inner ring, ball, and cage in order to attain the best
design for deep groove BB. The selection of materials for
key components of the 6210 BB is presented in Table II. It
should be noted that Peek has been employed for cage
material for all numerical designs. BB-5 and BB-6 are
hybrid designs incorporating different materials for inner,
outer rings and ball.

III. RESULTS AND DISCUSSION

The results obtained from the static structural analysis
for all the four bearing materials used for 6210 deep groove
BB are discussed in this section. The maximum shear
stresses, total deformations, Von Mises stresses, and strains

deformation and equivalent stain are presented in Table III,
which are in good agreement. Fig. 3 and Fig. 4 show that
the deep grooved BB completely made up of Si3N4 (BB-4)

BB-2 BB-3 BB-4 BB-5 BB-6

Fig. 3. Equivalent Strain presented for all six numerical BB designs with a
fixed load of 1 kN.

1 BB-2 BB-3 BB-4 BB-5 BB-6

Fig. 4. Total Deformation presented for all six numerical BB designs with
a fixed load of 1 kN.
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TaBLE III. THEORETICAL AND NUMERICAL VALUES FOR TOTAL DEFORMATION ([tM) AND
EQUIVALENT STRAIN (MM/M) FOR ALL BB DESIGNS WITH A FIXED LoAD OF 1 KN.

BB-1 BB-2 BB-3 BB-4 BB-5 BB-6
Total Deformation Theoretical 8.1 8.0 11.0 7.0 / /
ANSYS 8.31 7.969 8.5878 5.634 7.96 5.6425
Theoretical 0.133 0.144 0.148 0.1 / /
Equivalent Strain
ANSYS 0.1495 0.1542 0.1587 0.1078 0.150 0.108




TABLE IV. THEORETICAL AND NUMERICAL VALUES FOR SHEAR (MPA) AND VON-MISEs STRESS (MPA) FOR ALL BB DESIGNS WITH A FIXED LoAD OF 1 KN.

BB-1 BB-2 BB-3 BB-4 BB-5 BB-6
Shear Stress
Theoretical 9.83 10.01 9.8 10.33 / /
Ansys 9.99 10.18 9.91 10.52 10.18 10.52
Von-Mises Stress
Theoretical 23.75 259 24.81 25.5 / /
Ansys 25.00 25.19 24.93 25.58 25.19 25.59
30 friction. Hybrid BB with Si3N4 (BB-6) for the inner
r ring and ball, also shows similar results.
25 |
E e Deep grooved ball bearings completely made up of X5
20 [ CrNil8-10 (BB-3), have higher impact load bearing
f capacity, when compared to BB made up of Si3N4 (BB-
§ 15 [ 4). Similar results were also observed for hybrid designs
, (BB-5 & BB-6) incorporating Si3N4 material.
10 [
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