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Prediction of the Fatigue Life of Deep Groove Ball Bearing Under Radial and
Moment Loads — Fatigue Life Tests and Proposal of the Life Adjustment Factors

Wan Doo Kim and Dong Chul Han

Key Words: Ball Bearing(&#] o] %), Moment(zul &), Fatigue Life Test(s] 2.4 4] 4),
Film Parameter (§-2t#4), Weibull Distribution (2}o]E-# %), Life Adjustment
Factor (93 ¥ A Al )

Abstract

In this paper, using the formulation of dynamic equivalent load considering the effects of
moment load and the equation to estimate the cage rotational speed, the new life equation of deep
groove ball bearing under radial and moment loads was proposed. Fatigue life test apparatus with
the measuring equipment of shaft and cage speed was designed and developed to be capable of
subjecting combined radial and moment load. Fatigue life tests were executed by sudden death
test method and the reliability of fatigue lives was evaluated by Weibull distribution analysis.
From the results of fatigue tests and analysis, the relationships between film parameters and life
adjustment factors were acquired. And it was turned out that so as to estimate the effect of
moment load on fatigue life, the life adjustment factor as well as the dynamic equivalent load
must be taken into account.
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Fig. 1 Schematic diagram of ball bearing fatigue life tester
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Table 1 Characteristic frequencies due to the
defaults of bearing element

Failed locations and
vibration characteristics

(Shaft speed)

Frequency (Hz)

Cege speed

Frequency when outer rac-
eway failed

Frequency when inner rac-
eway failed

Frequency when ball failed

() (5) 1 g

(%) n :Shaft speed (rpm)
Z : Number of balls (9)
d, : Pitch circle diameter (60.0 mm)
D : Diameter of ball (11.906 mm)
a . Contact angle (0°)
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Fig. 9 Fatigue flaking of the outer ring of a DGBB
6208
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Table 2 The results of bearing fatigue life tests

o] Test | i
Test Bea.rmg est loads Tested lives Welbu.ll
D design-| Fr (N) (x10° eycles) analysis
" | ation | M (N-m) y Ly, lives
14.80
16.40
Fr=84 17.99 L,.=12.
1 6205 r=8408 0=12.80
M=0 30.58 (8=2.94)
33.95
34.37
Fr=9700
2 | 6208 M0 Li59=80.30 | L,,=66.92
Fr=9700
3 6208 M =0 L15,g=65.30 L10=54.42
Fr=11325
4 6208 M=0 Li56=38.66 | L,=32.22
Fr=13140
Fr=7080
6 | 6005 'Mz o | Lus=406 | L,=338
Fr=7690
7 6005 M=0 Li55=3.80 L,,=3.17
Fr=7384
8 6005 M=0 Lise=2.71 L,c=2.26
Fr=7080
9 6005 M=0 Li59=10.20 L,,=8.50
Fr=4050
10 | 6005 M=142 Lyos=7.67 L,,=4.98
Fr=4050
11 | 6005 M=142 Lys=4.44 L,,=2.88
Fr=4050
12 | 6005 M=26.0 L203=9.00 L,,=5.84
Fr=2440
13 | 6005 M=9784 Loos=4.12 L,,=2.68
Fr=5869
14 | 6005 M=2.87 L23=16.25 | L,,=13.54
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Table 3 Minimum film thicknesses and film parameters of test bearings
Lubricant
i Surface rms
Bearing l::;ts Speed Pres- i\/i;: Lul;rucant
designa i i Viscoity | Suwre | ! Race- | firm
-tif: Fr(N) | (rpm) .\;15. D.ens T?Igp' Y visco. | thick, Ball qay
M(N.m) index | ity ¢ST | PaS | coer, | (um) | W™ | () | (&)
(mn*/n)
Fr=8408
6205 II'VI—O 1400 68 0.87 50 40 0.035 | 0.023 | 0.145 | 0.030 | 0.045 | 2.69
Fr=9700
6208 II.VI—O 1800 32 0.87 65 12 0.010 | 0.023 | 0.119 | 0.032 | 0.052 1.95
Fr=11325
6208 rM—O 1800 46 0.87 70 14 0.012 | 0.023 } 0.117 | 0.032 | 0.052 1.92
Fr=1
6208 rM_3340 1800 46 0.87 70 14 0.012 | 0.023 | 0.116 | 0.030 { 0.052 1.90
F =
6005 ‘;VIZ(:)SO 1800 | 46 | 087 | 65 | 16 | 0014|0023 | 0.082 | 0030 | 0062 | 1.19
F =
6005 II‘VIZ(ZQO 1800 46 0.87 60 20 0.017 | 0.023 | 0.093 | 0.030 | 0.062 1.35
Fr=7384
6005 rM_?:)8 1800 46 0.87 65 16 0.014 | 0.023 | 0.082 | 0.030 | 0.062 1.18
Fr=7080
6005 ;\4_08 1800 320 0.88 65 75 0.066 | 0.023 | 0.235 | 0.030 | 0.062 3.41
Fr=4050
6005 M=44.2 1800 46 0.87 45 25 0.022 | 0.023 | 0.113 | 0.030 | 0.062 1.64
Fr=4050
6005 IVrI—442 1800 46 0.87 60 20 0.017 | 0.023 | 0.095 | 0.030 | 0.062 1.37
Fr=4050
6005 1\/11-—2650 1800 46 0.87 60 20 0.017 | 0.023 | 0.095 | 0.030 | 0.062 1.39
Fr=2446
6005 r 1400 320 0.88 65 75 0.066 | 0.023 | 0.200 | 0.030 | 0.062 2.90
M=97.84
Fr=>5869
6005 r=586 1400 320 0.88 65 75 0.066 | 0.023 | 0.199 | 0.030 | 0.062 2.89
M=2.870
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wWolgol ol E3dlFo] 2&sind, Ext A=Fe E&H F31&3(basic dynamic load capacity) )
HE7 Witz qldted AdgFo] LA s,  F4A 4 (capacity reduction factor)E =9 3te
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a4, 2eaEsee de BolYd 4%, 71 @) FoiAn A
£ =Rt BUENFLR A% 29 AW
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e ° Gehd 4 gle W 52 sl 28189 A
2 47 obd $HRAASE ol AT o] el
(V)
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3 . .
"g. Amom = (1_0 33Slnam)3 (9)
10 o AZNA, anont ZAENFE 22T 24
] BAAF, e ¥ AZE Aole A 7
. ! 3 A4 2749 AdA HF B2 ARl 9
' F‘ll : ( o 8 Aol Fold W4 ook ® AR, HAE 43
ilm parameter (lambda
2 o 44 (Leor) & SHeAl 22 A48,
Fig. 13 Correlation of film parameters with life 1459 (Loor) & Fh5 ] =
adjustment factors Lcor=aad; X Qmom X Lprea (10)
Table 4 Tested lives and corrected lives under redial and moment loads
Predicted ted
Test| Tested lives re.d icte Co‘rrec e. Liest
D w « 10°) lives Qagj an (deg) a wom predicted lives cor
' oo (Lprea, X10%) (Leor, x109) (%)
1 12.80 463 2.84 0.0 1.00 13.15 97.3
2 66.92 27.00 2.14 0.0 1.00 57.78 115.8
3 54.42 27.00 2.14 0.0 1.00 57.78 94.2
4 32.22 17.00 211 0.0 1.00 35.87 89.8
5 23.79 10.86 2.09 0.0 1.00 22.70 104.8
6 3.38 2.88 1.08 0.0 1.00 3.11 108.7
7 3.17 2.25 1.35 0.0 1.00 3.04 104.3
8 2.26 2.54 1.06 0.0 1.00 2.69 84.0
9 8.50 2.88 3.35 0.0 1.00 9.65 88.1
10 4.98 3.96 1.77 273 0.61 428 116.4
11 2.88 3.96 1.39 27.3 0.61 3.36 85.7
12 5.84 6.54 1.42 24.3 0.64 5.94 98.3
13 2.68 1.61 3.00 33.0 0.55 2.66 100.8
14 13.54 4.96 2.99 195 0.70 10.38 130.4
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