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Abstract — A water-pump located in the cooling area of a car circulates cooling water. A particular bearing ele-
ment, known as a water-pump bearing, installed in the rotating part carries the entire load. The failure of this water-
pump bearing has a direct impact on the failure of the automobile engine, and so securing its reliability is crucial.
Several researchers have examined the design principles of the water-pump bearing, but there are no reports on the
life characteristic of the bearing yet. Herein, we report the construction of test equipment to reproduce the spalling
of the roller contact, which is the main failure mode of the chosen water-pump bearing. We chose the radial load
as an accelerated stress factor and validated the failure mode by monitoring the surface defects. We conducted the
accelerated life test after determining the accelerated stress level through a combination of finite element analysis
and a preliminary test. In the life tests, we used an accelerometer to perform failure diagnosis. In the last stage of
this study, we present a statistical reliability analysis. Thus, we fully estimated the shape parameter of the water-
pump bearing, accelerating level on the load , and the lifetime (MTTF and B, life) under real use conditions, and
finally proposed an interval estimation value considering the uncertainty of the estimated value.
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Fig. 1. General configuration of water-pump bearing.
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Fig. 2. Bearing test equipment.
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Fig. 3. Test apparatus.
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Fig. 4. Finite element analysis.

Table 1. Preliminary test conditions

Stress level Test load Revolution Failure
(%) (kN) (r/min) criterion
300 3.6
400 4.8 Vibration
500 6.0 acceleration

3,000 (grms) > 25 g

600 72 or temp. at outer
700 8.4 race 75°C
800 9.6

Fig. 6. Section view of water-pump bearing.
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Fig. 8. Spalling (actual condition of usage).
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Table 2. Accelerated test conditions and sample size

?;Zis; Stress level SI:r(;{pl(i
| 1* 800%[9.6 kN] 4
R?fiil 2 750%[9.0 kN] 3
31 600%[7.2 kN] 4

AL FES WM 393 BT e

RS

i

HE U
F(inner race)?] 2=EZFo] TS 800% T E B
oM, 2FFEE 750%, 3T 600%E ARt 7
2EY A 537 FE AE = Table 29 2o}

o

42, 715 AEE

Al 2710149 FE 7MEEE 05 g mlTelA] 2
A= = v, ago] WAEHA EH 25 g o)
o] e HEY & JdYor, A= Fig 84 2l
T3k Fig. 102+ Zo] W&o BPFIWEZETIr)
21 305 Hzol oF 2vlj<eel] 3dsl= 612 Hz7t A&

-

[l Exp(2)- Input
Working :Input: 3D-time : Overall
4

3%

0

T T
0 10 20 30 40 50
[s1(Time)

Fig. 9. Vibration acceleration.

[a] Autospectrum(Z) - Input
. Working :Input: Input :FFT
800m

600m

400m _

200m

T
0 2% ak 6k 8k 10k
Mz]

Fig. 10. Peak acceleration.



NG FEE G NEHE wlol] FFEAo

Fig. 11. Spalling of roller contact area.

Table 3. Failure data obtained from accelerated test
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Fig. 12. Distribution goodness-of-fit test plots.

Table 4. Estimates of shape parameter and acceleration
index

0, 0,
Point 95% lower 95% upper

. confidence confidence

estimate .. ..

limit limit

Shape parameter 1.39 0.8157 2.3814
Acceleration index  5.98 2.2116 9.7488
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