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Design of a Wheel Bearing Unit Using Taguchi Method

Tae Kil Ahn*, Sang Hoon Lee”

ABSTRACT

An automotive wheel bearing is one of the most important components to guarantee the service life of a passenger
car. The endurance life of a bearing is affected by many parameters such as material properties, heat treatment,
lubrication conditions, operating temperature, loading conditions, bearing geometry, the internal clearance of bearing
and so on.

In this paper, we analyze the relation between loads and deformations of wheel bearing units for optimal bearing unit
design. On the basis of it, we calculate the endurance life of wheel bearing units and analyze the contribution of bearing
geometric parameters on the endurance life by using Taguchi method.

Key Words : Automotive wheel bearing unit(X}&-& #o]% #UE), Endurance life(W 7 4%), Geometric parameters
(34 W), Taguchi Method(TH7 AR HHY)

7 | SAMY a = ball contact angle, rad
¢ = ball position, rad

acc = car cornering acceleration, g ¢ = basic load capacity, kgf
CL = distance between bearing ball centers, mm a = axial direction
O = ball normal load, kgf : i = inner bearing
Qc = basic dynamic capacity of a raceway contact, o = outer bearing

kgf r = radial direction
Qe = Equivalent rolling element load, kgf
SHG = height of car weight center, mm 1. A8
STR = tread, mm
SRW = tire radius, mm AEA FEHEY HAHA RE F YA &
W = car weight per axle, kgf (wheel)®] B9 AF7HA F2 HEHA Hols =
Z = ball number < E oA A=g FY, AH3 € 29
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Fig. 1 An automotive wheel bearing unit
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Fig. 2 Forces on the wheel bearing unit

Vl_Fm—Fri:O (4)

M, —(%+0ffset)V, +CLF,+SRW L, -M,; =0 (5)



QPR o R

S A M09 A 10%

A7) AR} o = H}’Q%, iT AEL uigdng
of wj wojye] B S z Ba & o, 7 Ee
QAE des gol TAE 4 A5
=2 (o) (n=1.--2) (6)
z

Woim fUEdl Agae shzd =
24 g4 WY F9 837 oo A8hE AT
A 3% oo Wad theR 2e BAZ A

M

F, =) Q4 cosa, cosd, )
n=1

2d”,2Q¢ sina, cosd, ()
n=l1
A7 d, & woiE 9 I A& A (pitch diameter)©]

9 ¥27} g WolPe
LAWY a9 5, 223 98
2013 % g9 gaoloh

22 71518t P&=Y
g Wiy §UE FEHE A3 AN
7 SelMe 7 welge W A9 6, . 4,
o Awe wel 5, 5, % 71¥d 4 4,, 4,
o 6 | WMFE olopwt Bk zet Y} BA
Eo BYzANME 3 Al AW AL  glom
2 ATdAE g Wy

0

FUEY aFa4
93 37 22 3 A9 Ny 52D S
78kt

o

i

S48 welge PR 7 dlelys 2 F
QAols) AL sl ABetelE AReA §
Adoh w2219 439 el fuss)

20g BA 5, & ool 48T Fol= FUY
ke 2ot BAE 82 @e o, S8l 95l
2o] geinl AL uFEEh, ) BAE G
3} Zo) AT & Uk

0,4 +0, =0,

ai

(10)

aon

166

deformed
shaft center

undeformed
shaft center

Fig. 3 Wheel shaft model
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Table | Design specifications of a wheel bearing unit

Py s wojey J4

A3 9 sHE| 430 (kgh w7 |
A 1500 (mm) &7 35 (deg)
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FE B 34
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Table 2 Control factors

A~
T H] 31
4 A QA2¢ -
0 1 ) (7=
1(A) B AZAmm) |11.88] 12 |12.12| £1%
2(B) M& A=A mm)| 6.18 | 6.3 | 642 [£1.9%
34 AxB
5(C) |191& A=Y E(mm)| 6.18 | 63 | 642 |£1.9%
6,7 AxC
9 (D) B A% 14 | 15 | 16 {1 A
B 347 A
e | = ° 135 | 15 | 165 | £10%
(mm)
12 (F) Q% 2 (deg) 30 | 35 | 40 [14%
8,11,13 2.2} (err)
Table 3 Analysis of variances
A= HAEA
ax | wge | T e ‘_,é% ]
(9 F(Fo)
A 3582 2 1791 16.9%*
B 5802 2 2901 27.4%%
AxB 1653 a4 413 3.9
C 531 2 266 2.5
AxC 356 4 89 0.8
D 655 2 328 3.1
118 2 59 0.6
515 2 258 2.4
Err 635 6 106
T 13848
Table 4 A x B interaction effect
A() A] Az
B, 96.6 149.2 2577
B, 66.3 86.9 124.5
B, 49.1 61.5 79.7
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