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Enhanced Fatigue Life Estimation Formula for Angular Contact Ball
Bearings Subjected to Combined Loading
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Rolling bearing fatigue life is an essential criterion in industrial equipment design and manufacturing and requires precise
maintenance and replacement predictions. ISO/TS 281:2007 and 16281:2008 are commonly used for angular contact ball
bearing (ACBB) fatigue life calculations, but they do not account for the characteristics of individual bearing elements under
combined loading conditions. This study proposes an enhanced formula for calculating fatigue life modification factors that
considers individual element-specific contact loads and resulting film thickness variations. The proposed fatigue life formula
provides longer life predictions than the conventional method of determining modification factors based solely on maximum
contact loads. This difference is particularly noticeable in low-speed and/or heavy-loading applications. Analysis conducted
using the proposed fatigue life formula on various factors affecting fatigue life revealed that fluid kinetic viscosity
coefficients, temperature-associated density changes, and changes in radial loads and rotational speeds could significantly
impact the fatigue life of ACBBs. The proposed fatigue life formula is expected to increase the accuracy of ACBB fatigue
life predictions.
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NOMENCLATURE C,. = Basic Dynamic Axial Load Rating [N]
C, = Fatigue Load Limit [N]
a, = Life Modification Factor for Reliability d = Bore Diameter [mm]
a, = Material Factor D = Outer Diameter [mm]
a, = Lube Life Factor (Calculated Value) D,, = Pitch Diameter of Ball Bearings [nm]
a;go = Life Modification Factor, based on ISO 281:2007 D, = Nominal Ball Diameter [mm]
Systems Approach of Life Calculation E = Modulus of Elasticity [N/mn’]
b, = Rating Factor for Bearing Type E' = Equivalent Modulus of Elasticity, £/(1—v3) [N/mm’]
» = Basic Dynamic Load Rating [N] E(k,)= Complete Elliptic Integral of the Second Kind
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F, = Contamination Factor

F, = Applied Radial Load [N]

1. = Applied Axial Load, [N]

/i = Factor Depending on the Bearing Geometry

fe = Inner Ring Curvature Ratio

G = Outer Ring Curvature Ratio

h, = Dimensionless Material Parameter

i,y = Minimum Film Thickness, microns

k = Number of Rows of Rolling Elements

., = Ellipticity Ratio, b/a
.. = Basic Rating Life, 10° rev (or hr when multiplied by
5000/3n)

L,, = Factored Basic Rating Life, 10° rev (or hr when

= multiplied by 5000/3n)

L, = Modified Rating Life, 10° rev (or s when multiplied
by 5000/3n)

L,,. = Basic Reference Rating Life, 10° rev (or hr when
multiplied by 5000/3r)

mre = Modified Reference Rating Life, 10° rev (or hr when
multiplied by 5000/3#)

n = Enhanced Modified Reference Rating Life, 10° rev (or
hr when multiplied by 5000/37)

P = Shaft and Inner Ring Rotational Speed [RPM]

P. = Applied Load [N]

P, = Dynamic Equivalent Radial Load [V]

P = Dynamic Equivalent Axial Load [N]

(0] = Exponent; Ball Bearing 3, Roller Bearing 10/3

0, = Rolling Element Load [N]

Q. = Fatigue Load Limit [N]

0., = Dimensionless Contact Load

Q.. = Basic Dynamic Load Rating of Inner Ring or Shaft [V]

Q,; = Basic Dynamic Load Rating of Outer Ring or Housing [/V]

Q.. = Dynamic Equivalent Rolling Element Load on Inner
Ring [N]

Q',;, = Dynamic Equivalent Rolling Element Load on Outer
Ring [V]

Q',. = Dynamic Equivalent Rolling Element Load on Inner
Ring, Considering the Individual Film Thickness
Characteristics [N]

R; = Dynamic Equivalent Rolling Element Load on Outer
Ring, Considering the Individual Film Thickness [N]

R, = Equivalent Inner Radius

r; = Equivalent Outer Radius

r, = Cross-sectional Raceway Groove Radius of Inner
Ring [mm]

s;. = Inner or Outer Ring Surface Roughness [zm]

Sy = Rolling Elements Surface Roughness [zm]
U, = Inner Ring Velocity [m/s]

U, = Outer Ring Velocity [m/s]

U = 1,U; /E'R; .

% = Kinetic Viscosity [mm?/s]

vg = Poisson’s Ratio

v, = Reference Kinetic Viscosity, [mm?*/s]

X = Dynamic Radial Load Factor

Y = Dynamic Axial Load Factor

zZ = Number of Balls

o, = Unloaded Contact Angle [°]

By = Pressure Coefficient Of Viscosity, [mm?*/s]
Y = Auxiliary Parameter, D, cos &y/D,,,,

n, = Fluid Viscosity at Atmospheric Pressure, [Ns/mm?]
K = iscosity Ratio, v/v,

A = Lubricant Film Parameter

p,; = Oil Density [glem’]

c = composite Roughness [zm]

6y, = Hertzian Contact Stress at which the Fatigue Limit of
the Raceway Material Is Reached [N/mm*]

m = jore

i = Inner Ring
e = Outer Ring
] = Rolling Element Index
1. M2
2+ = =93 (Angular Contact Ball Bearing, ACBB)2
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Table 1 Basic parameter of sample bearing FAG B7206E

Pitch diameter [mm] 60
Number of balls 13

Bore diameter [mm)] 40

Outer diameter [mm] 80

Ball diameter [mm] 11.12  |Unloaded contact angle 25
0.5370 0.5255

Inner curvature ratio Outer curvature ratio

IR, OR surface
roughness (microns)

Ball surface roughness

0-1250 (microns)

0.070

Table 2 Basic parameter of sample bearing FAG B7208E

Bore diameter [mm] 30 Pitch diameter [mm] 46.2
Outer diameter [mm] 62 Number of balls 12
Ball diameter [mm] 9.525 Unloaded contact angle 25
Inner curvature ratio  0.5195  Outer curvature ratio  0.5290
IR, OR surface 0.1250 Ball surface roughness 0.070

roughness (microns) (microns)
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1000 2500

800 2000

600 1500 |
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Reference
Reference
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Rotational speed, n (krpm) Rotational speed, n(krpm)

(a) B7206E (b) B7208E

Fig. 1 Comparison of reference rating life of sample bearings (F, =
3,000 N, F, = 4,500 N, T = 40°C)

Modified reference rating life,

05 1 15 2 25 3 05 1 15 2 25 3
Rotational speed, n (krpm) Rotational speed, n (krpm)

(a) BT206E (b) BT208E

Fig. 2 Comparison of modified reference rating life of sample
bearings (F, = 3,000 N, F, = 4,500 N, T = 40°C)

3.2 HIQHE WAL} 7|ZA] |

o) BESFOIAL a0 S 013 wﬂiﬁaﬁ@nm,)
o thak A(19)0] oJ3t AR R4 HHAL Aol
23 ANE BANNEAFD(L,,,,) A0S AL
watedeh. oA Z2a Agel AgE 2Hel elgel e
@ A A vlaolicl. £ Ay 2ol el
2 < 4stect. Fig
30 % o] O3 At Auleh A ARl Holo] chh
LG (Lo L)/ L] % 100 FAJ0) = AL Fig
Sl # 5 9l viet 2] L, 0] L, Wk Aoz we

il mlm

‘ﬂl



March 2024 /237

Error, (%)

1 5 10 15
Rotational speed, n(krpm)

Rotational speed, n (krpm)

(b) B7208E

(a) BT206E

Fig. 3 Comparison of fatigue lives by the proposed and
conventional methods for two sample bearings (F, = 3,000 N,
F,=4,500 N, T = 120°C)
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Fig. 4 Lubricant film parameter and viscosity ratio with changing
ball positions and rotational speeds (B7206E, F, = 3,000 N,
F,=45500 N, T=120°C)
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Fig. 7 Comparison of fatigue lives by the proposed and
conventional methods with changing combined loads (7
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