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Faults Detection Method Unrelated to Signal to Noise Ratio in a Hub Bearing
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ABSTRACT

Hub bearings not only sustain the body of a car, but permit wheels to rotate freely. Excessive

radial or axial load and many other reasons can cause defects to be created and grown in each

component. Therefore, vibration and noise from unwanited defects in outer-race, inner-race or ball

elements of a Hub bearing are what we want to detect as early as possible. How early we can
detect the faults has to do with how the detection algorithm finds the faull information from

measured signal. Fortunately, the bearing signal has periodic impulse train. This information allows us

to find the faults regardless how much noise contaminates the signal. This paper shows the basic

signal processing idea and experimental results that demonstrate how good the method is.
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(a)

Hub bearing '

(b)

Fig.1 The hub bearing system, (a) Photograph
and Schematic diagram of the hub
bearing, where a is contact angle and D
is pitch diameter, (b) Structure of a
suspension system with the hub bearing
and wheel

Table 1 Shape information of the hub bearing
Pitch diameter(D) 54 mm
Ball diameter(d) 12.7 mm(1/2 inch)
Contact angle( @) 35°
Number of balls(z) 12EA
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Measurement position

B&K NEXUS 2692 Analyzer

{HP35670A)

Sampling frequency
65[kHz]

=B Hyh bearing

N,
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(reference sensitivity) = 0.1484 pC/ms “olt}. 7}h& .
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e A9 Z2E 1#ste 3 wolys A3 H5  Fig.2 Experimental set-up (a) Photograph of
Bl BE oM MM Rio] Rold 2L MA s} Dynamo test, 120km/h, (b) A measure-
o} ment point on right side rear suspension
- ez o I part contacted with the hub bearing, (c)
TPl ;E vhe] A S=E dohfi A & Schematic diagram of measurement-
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¢ Fig.4 An outer-race fault bearing (a) Measured
Fig.3 The Hub bearing faults which were made acceleration signal, (b) MV Cepstrum:
by electric drill pen artificially, (a) An Lifter order-480, Time length-125 msec.
outer-race fault, (b) An inner-race fault, Theoretical outer-race fault period-13.4
{c) A ball-element fault msec
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Fig.5 An inner-race fault bearing (a) Measured
acceleration signal {(b) MV Cepstrum:
Lifter order-480, Time length-125 msec,
Theoretical inner-race fault period-9.1
msec, 184 msec : Rharmonic
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Fig.6 A ball-element fault bearing (a) Measured

acceleration signal, (b) MV Cepstrum:
Lifter order-480, Time length-125 msec,
Theoretical ball-element fault period-15.9
msec, 31.8 msec : Rharmonic

/A 14 A A 12 3, 2004d/1291



o

2929

%

°©
[} —T’—E‘}—‘:‘l

FLE 1& YT AP wlolg Y SR ABoln,
Fig. 7(b)& Aol FFslo] AREHY wojg e 7t
&£ A3,

24 dolgg Tl & F AR
Holg S 7R @] Fig. 89 34 Hjol
= ol s dds 7WE e B

2
53
(=)

. Acceleration[m/s ']

=)

=]

%.

20 - " . —

o 0.01 002 003 004 005 006
Time[sec]

(a)

207 - -
|
!
< 10[
'
R *
s o] i
2
8 i
g | I
-10¢
| |
20, —- - . —
2 2.01 202 2.03 2.04 205 2.06

Timefsec]|

(b)

Fig. 7 Measured acceleration signals of fault-
expected bearings (a) A bearing after a
durability test in high speed. (b) A used
bearing equipped with a vehicle
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Fig. 8 Measured acceleration signals of a normal
bearing
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Fig.9 Minimum Variance
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Cepstrum:  Lifter
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