
 

 

  
Abstract—The effect of the rotational speed and axial torque on 

the diagnostics of tapered rolling element bearing defects was 
investigated. The accelerometer was mounted on the bearing housing 
and connected to Sound and Vibration Analyzer (SVAN 958) and 
was used to measure the accelerations from the bearing housing. The 
data obtained from the bearing was processed to detect damage of the 
bearing using statistical tools and the results were subsequently 
analyzed to see if bearing damage had been captured. From this study 
it can be seen that damage is more evident when the bearing is 
loaded. Also, at the incipient stage of damage the crest factor and 
kurtosis values are high but as time progresses the crest factors and 
kurtosis values decrease whereas the peak and RMS values are low at 
the incipient stage but increase with damage. 
 

Keywords—crest factor, damage detection, kurtosis, RMS, 
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I. INTRODUCTION 
OLLING element bearings are a universal component in 
equipment. Hence they have received great concern in the 

field of condition monitoring [1]. Rolling element bearings are 
manufactured by assembling different parts. These are the 
rolling elements, the outer race and the inner race, which are 
in contact under heavy dynamic loads and relatively high 
speeds. The Hertzian contact stresses between the rolling 
elements and the rings are one of the basic mechanisms that 
initiates a localized defect. When a rolling element strikes a 
localized defect an impulse occurs and this excites the 
resonances of the structure. The vibration signature of a 
damaged bearing consists of exponentially decaying ringing. 
The impulses will occur with a period determined by the 
location of the defect, the geometry of the bearing and the 
type of the bearing load [2]. 

 Many techniques for condition monitoring of rolling 
element bearings exist [3, 4, 5, 6, 7, 8, 9, 10, 11, 12]. 
Vibration and acoustic measurements techniques are used 
most often [13]. They considered the detection of both 
localized and distributed categories of bearing defect. An 
explanation for the vibration and noise generation in bearings 
was given. Vibration measurement in both time and frequency 
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domains along with signal processing techniques such as the 
high-frequency resonance technique were covered. Other 
acoustic measurement techniques such as sound pressure, 
sound intensity and acoustic emission were reviewed 
including recent trends in research on the detection of defects 
in bearings, such as the wavelet transform method and 
automated data processing.  

II. METHODOLOGY 
The vibration data obtained are analyzed and different 

statistical parameters such as peak, root mean square (RMS), 
crest factor (Cf) and kurtosis are assessed with regard to their 
effectiveness in the detection of bearing condition. 

The damage was introduced to the outer race of the tapered 
roller bearing. The statistical parameters were computed for 
speed ranging from 500 rpm to 1200 rpm for the no torque 
scenario. For the torque scenario the statistical parameters 
were computed for 200 rpm to 1200 rpm. The time domain 
properties for a discrete vibration signal x can be written as 
follows:  
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The study evaluated bearing damage using accelerometers 

mounted on the bearing housing and connected to Sound and 
Vibration Analyzer (SVAN 958) (see figure 1). Damage was 
introduced to the tapered roller bearing on the outer race and 
tested in the laboratory. The accelerometer was used to 
measure the radial accelerations from the bearing housing and 
a sample acceleration-time response is as shown in figure 2. 
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The data obtained was then processed using MATLAB based 
software. The statistical approach was used in the processing 
and analysis of the data for damage detection and assessment 
of the bearing. The peak, RMS, crest factor, kurtosis values 
were used in the statistical approach. The effects of speed and 
torque loads were also investigated. 

 
Fig. 1 Bearing set-up with accelerometers and SVAN 958 
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Fig. 2 Time data from Accelerometer with SVAN 958 

 
In the time domain, the vibration data waveform is analyzed 

for impacts that correspond to the rotation of the rolling 
elements past the damage for each shaft revolution. Time 
domain statistical parameters such as RMS, peak, crest factor, 
and kurtosis shown in equations 1-4 are calculated for a 
sample of time domain data. As the damage occurs, an 
increase in these values should occur. The bearing time 
domain metrics are calculated based on the following 
equations where   equals the mean value of the time signal x 
(t) having N data points [14]: 

III. ANALYSIS OF RESULTS 
The bearing set-up was run for about five minutes at each 

speed in RPM and the data recorded and the subsequently the 
statistical parameters were computed using Matlab based 
programs. It is found that at earlier stages or speeds the Crest 

factor and kurtosis was high. However, with increasing time 
the crest factors and kurtosis were reducing in magnitude 
whereas the peak and RMS values kept increasing. This shows 
that the bearing has been damaged and was beginning to 
flatten out at the advanced stage of damage. However, 
comparing the current RMS values to the baseline RMS 
values it could be seen that the bearing has deteriorated with 
usage.  It was discovered that the RMS depended on runtime 
and not the speed of the machine. With increase in run time 
and speed (RPM), the peak and RMS values increased 
whereas the crest factor and kurtosis decreased. Load had the 
effect of increasing the magnitude of the statistical parameters. 
When there was no load at about 0 Nm) the values of the 
statistical parameters indicated damage but the magnitude was 
low as shown in figure 3. When there was a load of about 1 
Nm the values of the statistical parameters increased in 
magnitude thereby indicating damage more as shown in figure 
4. From figure 3 it can be seen that the peak and RMS values 
increase with increasing speed for the no load scenario. The 
same thing applies when the bearing is loaded axially with a 
torque of 1 Nm.  It can be seen in figure 4 that once again the 
peak and RMS values increase with increasing speed. The 
only difference being that the magnitude of the peak and RMS 
values in the loaded case is higher than in the non loaded case. 
However, it can be seen in figure 3 that both the crest factor 
and kurtosis decrease in value with increasing speed for the no 
load scenario. Again it can be seen that both values, ie the 
crest factor and kurtosis still decrease in value with increasing 
speed when a torque of 1 Nm is applied to the bearing axially. 
Again the only difference being that the magnitude of the crest 
factor and the kurtosis in the loaded case is higher than in the 
non loaded case. 
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Fig. 3 Statistical parameters for the acceleration response at a load of 

about 0 Nm: (a) Peak (b) RMS; (c)crest factor; (d) kurtosis 
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Fig. 4  Statistical parameters for the acceleration response at a load of 

about 1 Nm: (a) Peak (b) RMS; (c)crest factor; (d) kurtosis 

IV. CONCLUSIONS 
The bearing set-up was run for about five minutes at each 

speed in RPM and the data recorded and it was found that at 
earlier stages or speeds the crest factor and kurtosis were high. 
However, with increasing time the crest factors and kurtosis 
were reducing in magnitude whereas the peak and RMS 
values kept increasing. This showed that the bearing has been 
damaged and was beginning to flatten out at the advanced 
stage of damage. However, comparing the current RMS 
values to the baseline RMS values it could be seen that the 
bearing had deteriorated with usage.  It was discovered that 
the RMS depended on runtime and not the speed of the 
machine. With increase in run time and speed (RPM), the 
peak and RMS values increased whereas the crest factor and 
kurtosis decreased. Load had the effect of increasing the 
magnitude of the statistical parameters. When there was no 
load at about 0 Nm) the values of the statistical parameters 
indicated damage but the magnitude was low. When there was 
a load of about 1 Nm the values of the statistical parameters 
increased in magnitude thereby indicating damage more. 

REFERENCES   
[1] R. Rubini and U. Meneghetti, “Application of the envelope and wavelet 

transform analyses for the diagnosis of incipient faults in ball bearings”, 
Mechanical Systems and Signal Processing, 2001, vol. 15 no. 2, pp. 287-
302. 

[2] Z. Kiral, H. Karagülle, “Simulation and analysis of vibration signals 
generated by rolling element bearing with defects”, Tribology 
International vol. 36, 2003, pp. 667–678. 

[3] M. Subrahmanyam, C. Sujatha, “Using neural networks for the diagnosis 
of localized defects in ball bearings” Tribology International  vol. 30, 
1997, pp. 739–752. 

[4] T.I. Liu, J.M. Mengel, “Intelligent monitoring of ball bearing 
conditions”, Mechanical System Signal Processing, vol. 6, 1992, pp. 
419–431. 

[5] A. Choudhury, N. Tandon,  “Application of acoustic emission technique 
for the detection of defects in rolling element bearings”, Tribology 
International, vol. 33, 2000, pp. 39–45. 

[6] N.G. Nikolaou, I.A. Antoniadis, “Rolling element bearing fault 
diagnosis using wavelet packets”, NDT&E International, vol. 35, 2002, 
pp. 197–205. 

[7] P.W. Tse, Y.H. Peng, R. Yam, “Wavelet analysis and envelope detection 
for rolling element bearing fault diagnosis-their effectiveness and 
flexibilities” Journal Vibration and Acoustics, , vol. 1 no. 23, 2001, pp. 
303–310. 

[8] X. Lou, K.A. Loparo, F.M. Discenzo, J. Yoo, A. Twarowski, “A 
wavelet-based technique for bearing diagnostics”, International 
Conference on Acoustics, Noise and Vibration, 2000 Aug 8–12; 
Montreal, Quebec, Canada. 

[9] P.D. McFadden, J.D. Smith, “Vibration monitoring of rolling element 
bearings by the high-frequency resonance technique—a review” 
Tribology International, vol. 17, 1984, pp. 3–10. 

[10] H.R. Martin, F. Honarvar, “Application of statistical moments to bearing 
failure detection” Applied Acoustics, vol. 44, 1995, pp. 67–77. 

[11] J. Mathew, R.J.Alfredson, “The condition monitoring of rolling element 
bearings using vibration analysis” Journal Vibration Acoustic Stress”, 
1984. 

[12] Y-T. Su, S-J. Lin, “On initial fault detection of a tapered roller bearing: 
frequency domain analysis”, Journal Sound Vibration, vol. 155, 1992, 
pp. 75–84. 

[13] N. Tandon, A. Choudhury, 1999. “A review of vibration and acoustic 
measurement methods for the detection of defects in rolling element 
bearings”, Tribology International, vol. 32, 1999, pp. 469–480. 

[14] P.J. Dempsey, J.M. Certo, R.F. Handschuh, and F. Dimofte, “Hybrid 
bearing prognostic test rig” NASA TM-2005-213597, 2005. 

 

World Academy of Science, Engineering and Technology
International Journal of Aerospace and Mechanical Engineering

 Vol:5, No:6, 2011 

1124International Scholarly and Scientific Research & Innovation 5(6) 2011 scholar.waset.org/1307-6892/869

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, A

er
os

pa
ce

 a
nd

 M
ec

ha
ni

ca
l E

ng
in

ee
ri

ng
 V

ol
:5

, N
o:

6,
 2

01
1 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
86

9

http://waset.org/publication/Effect-of-Speed-and-Torque-on-Statistical-Parameters-in-Tapered-Bearing-Fault-Detection/869
http://scholar.waset.org/1307-6892/869



