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Abstract :

The primary function of bearing seals is to prevent lubrication from escaping and foreign materials from

entering. The effectiveness of such function is determined by the design of the seal lips. Bearings with low friction
rotation are in great demand in the automotive market as a direct result of the regulations stipulating vehicle fuel
economy and reduced CO; emission. Therefore, bearings with a good sealing function and low friction rotation are
required. In this paper, estimation of the bearing rotational torque through numerical analysis, based on finite element
methods, was investigated. This included calculation of the bearing rotational torque using an axisymmetric model from
the commercial software, ANSYS. The seal rubber material properties were performed with three kinds of tension tests
and were analyzed using the hyperelastic method for increased accuracy. The results of the analysis were compared
with the empirical results and a strong correlation was confirmed.
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Fig. 1 Configuration of automotive wheel bearing and geo-
metry of seal
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(a) Uniaxial tension tester

Fig. 2 Rubber material properties tester'”

45
4
35
3
25
2
15
1
0.5

Nominal stress, MPa

——Uniaxial Tension Test
——Planar Tension Test
——Equal-Biaxial Tension Test

0 0.2 04 0.6 0.8 1 12
Nominal strain

Fig. 3 Results of uniaxial tension test, planar tension test,
and equal-biaxial tension test

50 %, 80 %, 100 % <] W&ol tjste] A1 53
shdar, Z4zkel WM gl upebA] 1 A5 A4
o] A= AL & 5 Utk Al 7HA] AlE 9] A7)
TAE SEAEAIE, HHJAAE, 57 o] <
FARA Y A= ERE L, o] dEbAQl g &

A E o) ATtel A G Aol

2.3 F OFEAFAIE

Al o] wl2A4~(COF, Coefficient of friction) gk=
AlZ3st7] st nEAT 574 A18S UTM= ©]
&3] Fig. 4} 2ol a8ttt Al g ol A5 +=
ZEAL 100 NoJH, npasle2 2 kgolth A&
EF 50 mm/min®|™, o] K Displacement)= 30
mmo|th AA| & wojg Al ARE A] 227t =
EHO AR HERE AP e 18 ~E =S}
SAIA Al 8315 S48, A7+ Fig.
50l YERRITE Fig. 504 & < o] ulzAlT

566 E=ERSASEE=EH H253 F55, 2017

(b) Planar tension tester

Toadcell

fiction load
- B velocity

«— rubber specimen

) :
. metal specimeq

Force, N
o
W

o
o

e
=

0 5 10 15 20 25 30
Displacement, mm

Fig. 5 Results of friction torque test

o] 917 whebA] efghe] Aol melt) &
155 5 mmell A 9] Wk AL 7Ha ALow, o] %
| B7h8 S vhaA 57 F7bske] ol %ol Is
SEE Ao ARF vhEA S gk gt B

ol A<= Fig. 59| vEEAIS gk SOl A o]FF 15

[«

3
g &



Drag Torque Prediction of Automotive Wheel Bearing Seals

~ 30 mm -3kell A 9] mRR A1 0.024 8 ALE-5H
thoof ghe ubs o BHUA Qe v
o} vl sl 2 w) Ads] 2Fe gho|n], 1 oG
2227} =R E Q7] W Eol 2} o A,

3. 280 E3 o&

3.1 E2fa E3 AIY
A g Mol Ao mea Bag 27
317] 915ked Fig. 62} 2o] a1 B4 S AlES
Tkt =1 B3 SA4 9lF A L(Outer
ring jig)oll Al QS F2a}bal, 3] E X 71(Hub jig)ol
I8 aE BX3 T A 2ERAY 5d3 =22
o2 9F A1} F|H N5 s wo] S
SelmA B2 2he ST 3023 Aed
71 s}

S8 AHE AAA 7] T = RPME R 3] A
WA ZAsITE A 8S & 535 =A59 T, =

A B Fig. 73 2l RPMol WHE =80 &
A k& Excel S o] &3] FAAS T3 A (7)
231 1uj o] RPZH2 0.99440]th = RPMo|| 0}& =
B BEaE Ao AP oz wigtsitt 2] (7)25E

:I

Fig. 6 Drag torque tester

0.8
06
g
b4
% 0.4
o0
g 0.2
0
0 200 400 600 800 1000

pm
Fig. 7 Results of drag torque test

0 RPM 2] 3t 314 0.32 Nmo| 1, o] k2 =] A]
o E3E ou]dlit)
Drag Torque = 0.0003rpm + 0.32 (@)

32 280 E3 &M

AbEAHE 2 Hlolg Alde] = EAE oS
al7] 98kl Al el WEs)Als skt A
e slE el Aldow, Ad2 AJY #Hep o H
(Outer stee) 2 TAHETE Alde] FAo] FHulH
(Axisymmetric) 0] 2.2 2219l FojF o2 w3}
Atk A& -8 AZE ¢ o] ANSYS Workbench
v.172'9E 2188k th a4 o] AH&E 2 Ax(Element)
= 2 84 A= (Degree of freedom) 7t U, U, =
271Q1 MESH200, 3 node axisymmetric linear triangle
24~} MESH200, 4 node axisymmetric linear quad-
rilateral 2.4~] T} W] (Mesh)+= ANSYS Workbench
Wi g g o] & o] -&-ste] =853 T 3 node axisym-
metric linear triangle®] 27 4~ 249|™, 4 node
axisymmetric linear quadrilateral®] 8.4 47 1036°]
o} A A A% (Node) & 12220] T},

BAFEA SR Fig. 8014 & = Aol 9| €t
o RE AfFES 14U, SFRN oD 5
7} o} HkaKy direction) &2 § M7= 205 7}
SFAT
U;/ = —9)=—bmm 8)

Al o] HE 3| A1-E 95te] W &(Large deformation)

B b
. rubber

X outer steel
'’

P

Fig. 8 Geometry, material properties, generated mesh,
boundary conditions and loadings

Transactions of the Korean Society of Automotive Engineers, Vol. 25, No.5, 2017 567



Table 1 Material properties for hub and outer steel

Hub Outer steel
Young’s modulus 206 GPa 200 GPa
Poisson’s ratio 0.30 0.29

Yield strength 442 MPa 285 MPa

Tensile strength 932 MPa 340 MPa
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Fig. 9 Stress-strain curves by uniaxial tension test, planar
tension test, equal-biaxial tension test and their Yeoh
models at strain 100 %
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Table 2 Position vector, force vector, and drag torque for
automotive wheel bearing seal

Lip No Position Force Drag
vector, mm vector, N torque, Nm

1 36.11 0.01 0.00

2 39.16 3.61 0.14

3 42.14 3.07 0.13

4 45.04 0.70 0.03

Total 0.30

£°]0.13, F ] -5 o] 1.5 MPa©]t}.
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Fig. 13 Stress-strain curves according to strains

Table 3 Drag torques from several strain results

Strain Drag torque
20 % 0.49 Nm
50 % 0.40 Nm
80 % 0.34 Nm
100 % 0.30 Nm
Fig. 99} Fig. 1304 & = 9l%o] 17 B4A1E
A9} Yeoh B &S 13 F Fiol A A A o
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(b) Yeoh model by 2 material test
Fig. 14 Stress-strain curves by 1 material test, 2 material test
and their Yeoh models

Table 4 Drag torques from several material test results

Drag torque
1 material test data 0.35 Nm
2 material test data 0.32 Nm
3 material test data 0.30 Nm
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Fig. 15 Drag torque according to friction coefficient
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