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Abstract: The wheel bearing is one of the important parts in a vehicle for translating power and bearing weight. When
it is mounted on the knuckle by using bolts, the distortion of the outer ring including the seal mounting point and
raceway occurs. In this study, a numerical analysis was performed to analyze the distortion of the outer ring by using a
finite element method. The commercial software MSC.MARC was used for this purpose. Elastoplastic and contact
analysis were carried out to compute the clamping behavior of the outer ring, bolts, and knuckle. Because the concavity
on the flange of the outer ring affects the deformation, its effect was considered. To verify the reliability of this study,
the roundness of the outer ring was measured. The experimental results were comparatively in agreement with the
computational results.
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Fig. 2 Wheel bearing and knuckle of automotive

15 - 2GA - A e

= p=s

pul

Ee] ¥y A Fa8h7] 91ste] MSCMARC
9] 8 A% (node), Element 7(three-dimensional arbitrarily
distorted brick) QAx(element)2} 4 A7, Element
134(three-dimensional four-node tetrahedron) R.4~5 A}
£330 t). Element 7 ¥} Element 134 & E5F 1 A3
A AFEZE 3 M u 0, ) B0 T EAE 2 -
DEASYWE o] 83}%aL, 9, BE, &I (shield), U

d SiQlth sEer yEe A A 2
= 77]72]1] gormE A tidelA Xﬂﬂé}oﬂ‘ﬂr
LHE AsAet 75 Aol YRR b
A Mee) Ao 4R At was, o
£ st A=l EAgE 0}04 BEE FEAT]
Zlo] dnkzlo|t}, & AT M= 9Fe] dA T
& TEete] A7 RdE Shelth
]3] (mesh):= Hypermesh®Z ©] 83} 1L, A=
Fig. 4 o} 2tk AA d4-9] = 139,655 o]z, 8 A
A Qhe] = 90468, 4 B 90 FE 137,663
ot}

of o

'6(‘3]:

7

=
=

o o RS

PR KEEEE

LI

Fig. 3 Concavity of outer ring
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Fig. 4 Generated mesh of outer ring, bolt, shield, and
knuckle
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Table 1 Material properties

Young’s modulus, Poisson’s
Part name .
GPa ratio
Outer ring 207 0.3
Outer ring heat 739 03
treatment
Bolt 206 0.3
Shield 206 0.3
Knuckle (steel) 206 0.3
Knuckle 69 0.35
(aluminum)
o 2000
& — SM55C T SMSSC
% Heat treatment
= 1500 |-
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Fig. 5 Stress-strain curves

oo Uy
2 2

1615

o
M
e
=
Ry
o,
to
I
e
o
H

= 0 m, 30 um, 50 /m,
F Wy d4s 9
g A= Fig. 7 14—15}1]]941:} Fig. 7 ¢ 23+
= QLo mE Al gl
Mol MRS L}EMU%, A WS 200 v &
gk dyolty HES %I’EU]W Has A3
th Fig. 79 A#A=Z7Y 9§ EdA ] 253 A
Zo meba oFe MEo daHS &

Fig. 6 Boundary conditions

= 0.01527
m 0.01222
0.00917

—+— Concavity'0
«— Concavity'30'
=— Concavity'50'
——Concavity'100'

(b) Outer ring distortion at seal mounting point

Fig. 7 Outer ring distortion results
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Table 2 Circularities according to concavity
Circularity at seal mounting | Circularity at inboard raceway Circularity at outboard
Concavity point, /m point, zm raceway point, /m
Aluminum Steel Aluminum Steel Aluminum Steel
0 um 27.61 13.97 14.19 7.20 15.36 6.70
30 um 18.82 8.05 9.00 2.77 12.38 3.84
50 pm 14.46 4.89 7.59 4.22 11.17 4.90
100 gm 11.05 31.45 9.17 31.16 7.73 23.78
—— Concavity(l
«— Coneavity30°
—a— Concavity 30
—— Concavity' 100
Distortion at seal mounting point Distortion at inboard raceway point Distortion at outboard raceway point
Aluminum
knuckle
Steel knuckle
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Table 3 Comparison circularities between analysis and
experiment according to concavity

Circularity, pm
Concavity
Analysis Experiment
Seal mounting point 27.61 36.20
Inboard raceway 14.19 22.90
point
Outboard. raceway 15.36 17.00
point

Fig. 9 Location of seal mounting point @, inboard
raceway point @, and outboard raceway point @
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Fig. 10 Comparison outer ring distortions between analysis and experiment at seal mounting point, inboard raceway

point, and outboard raceway point
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