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FEM Analysis of Cage Stress Distribution Part 2: Angular Contact Ball Bearing

A Dib, M. Benamira and A. Haiahem
Laboratoire de Mécanique Industrielle (LMT), Annaba University, Algeria

Abstract: This study reports on a numerical study of angular contact ball bearing cage. The analysis is based
on finite element method. The results show that traction stress 1s the cause of the failure of the cage. Stress
concentration is located in the thin width of the hole of the cage. The traction stress lies around the hole of the
cage where the contact between the ball and the cage. The most effect of cage damage is the traction stress in

the thin width of the cage.
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INTRODUCTION

Since 1976, a few attempts have been carried out m
order to evaluate the internal kinematics!"™. In this field,
the studies based on computer programs, such as
Cybean', Shaberth™ or Adore' can be noted. All of these
studies do not take into account a deformation of the
cage. Recently™, cage instability has been studied as a
function of the roller-race and roller cage pocket
clearances light-load and high-speed condition. The
results mdicate that the cage exlubits stable motion for
small values of roller-race and roller-cage pocket
clearance.

The aim of the current investigation is to provide a
better understanding of the stress distribution in angular
contact ball bearing cage using Fimte Element Method
(FEM).

Governing equations: As shown schematically n Fig. 1,
the dommant velocity for the roller/cage will be the roller
velocity about x axis. Tt will be assumed the entire
hydrodynamic action takes place on the ball surface only.
The maximum pressure 1s obtamed by resolving
two-dimension Reynolds equation. The global balance of
the angular contact ball bearing was not tacking into
account. The study is focus in the local interaction
between the cage and the ball.

Analysis of this contact mvolved the solution of
two-dimensional Reynolds equation in X and Y direction.
Integration the pressure over the contact area gives us
the total load.

The assumptions used in the analysis are:

*  The surfaces are essentially rigid and circular rand,
the spacing between them can be presented by a
parabolic approximation.

o A full film lubricant exists between the surfaces.
»  The lubricant 1s Newtonian with a constant viscosity.

The Reynolds equation is written as
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In our study u, =0
Substitution (2) and (3) in (1), Reynolds equation
becomes:
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The boundary conditions are:
In x direction:
_ P i
p=0 and P 0 atinlet zone ©

p=0 atoutletzone
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Fig. 1: Hydrodynamic imnteraction between the cage and
the ball
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In y direction:

p=0 and Gl =0 atinlet zone
o0z 7
P=0 at @ =0 atoutlet zone
0z

Kapista™ has given the following solution
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Integrating the pressure

oo
W= 2j j pdxdz ©
0 oo
Substitution (&) in (9)
+ea| 0
w- 22 gz a0
3+— 0| x* z
R hy+ +
2R, 2R,
Finally, the total load supported between the

contact 1s:

Fig. 2: Mailed cage

Fig. 3: Stress distribution in the whole cage
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Operating conditions: The material of the cage is the
bronze. The ball material 1s 10Cr6. the dimension of the
cage and the load applied are shown in Table 1.

RESULTS AND DISCUSSION

The area 1s divided into 240 elements and 169 nodes
as shown in Fig. 2. The code used in this study is RDM®6.
The variation of the traction stress in direction of the
traction force 1s shown m Fig. 3. It 18 obvious that the
stress rises in the thin width of the cage. The stress
traction 0,, exceed the value of young moedulus, causing
a plastic deformation in this area. The deformation of the
cage Fig. 4 confirms that thin width of cage 1s the most
deformed area. The compressive stress 1s located far from
the interaction between the cage and the ball. According
to Fig. 3, the thin width of the cage 1s subjectedtoa
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Table 1: Operating conditions of the cage

Dimensions and loads Values
Diameter of the ball, D 12 mm
Diameter of the cage hole, DC 12.6 mm 1.
Width of the cage, L, 14 mm
Axial load, Q, 8900 N
Radial load, Qr 5500N
Lubricant viscosity, 0.4 Nsm™ 2
Angular ball vilocty, 1, 400 rad 57! :
Contact angle, o 40°
p P 3.
Can dz charpea 1
Fig. 4. Deformed cage

traction stress in y direction. The value of this stress is

higher than elastic modulus, so this area can be deformed 7.

plastically.

CONCLUSION g

The results show that traction stress is the cause of
the failure of the cage. Stress concentration 1s located in
thin width of the hole of the cage. The compressive stress
lies in the Y direction but does not cause damage. The
most effect of cage damage is the traction stress in the
thin width the cage.
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