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H. Mohamadi Monavar, H. Ahmadi and S.S. Mohtasebi

Department of Agricultural Machinery, College of Biosystem Engineering, University of Tehran, I.R. Iran

Abstract: Roller bearing failure is a major factor in failure of rotating machinery. As a fatal defect is detected,
it is common to shut down the machinery as soon as possible to avoid catastrophic damages. Performing such
an action, which usually occurs at inconvenient times, typically results in substantial time and economical
losses. It is, therefore, important to monitor the condition of roller bearings and to know the details of severity
of defects before they cause serious catastrophic consequences. The vibration monitoring technique is suitable
to analyze various defects in bearing. This technique can provide early information about progressing
malfunctions. This paper describes the suitability of vibration monitoring and analysis techniques to detect
defects in roller bearings. Triaxial vibration measurements were taken at each end of the coupling on the motor
and rotor bearing housings. The results indicate that bad bearing has a strong effect on the vibration spectra.
Time domain analysis, vibration spectrum analysis have been employed to identify different defects in bearings.
The results have demonstrated that each one of these techniques is useful to detect problems in roller bearings.
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INTRODUCTION Vibration signature monitoring and analysis in one of

Rolling element bearings are one of the most common defects in antifriction bearings [5]. Vibration signature
components in rotating machinery including electric analysis provides early information about progressing
motors.  According to Albrecht [1] and many others, malfunctions  and  forms  the  basic  reference signature
about 40% of failures of electric motors are caused by or base line signature for future monitoring purpose.
bearings. Therefore, bearings play one of the most Defective rolling elements in roller bearings generate
important roles in condition monitoring. Lindh [2] vibration frequencies at rotational speed of each bearing
provides a comprehensive overview of bearing defect component and rotational frequencies are related to the
detection methods and different condition monitoring motion of rolling elements, cage and races. Initiation and
schemas. The condition based maintenance and progression of flaws on roller bearing generate specific
predictive condition monitoring are becoming an and predictable characteristic of vibration. Components
important issues, since up to one third of all maintenance flaws (inner race, outer race and rolling elements) generate
cost was wasted as a result of unnecessary or improperly a specific defect frequencies calculated from equations,
carried out maintenance during the last years [3]. In order mentioned by Chaudhary and Tandon [6], namely;
to prevent any catastrophic consequences caused by a
bearing failure, bearing condition monitoring techniques,
such  as,  temperature  monitoring, wear debris analysis,
oil analysis, vibration analysis and acoustic emission
analysis have been developed to identify existence of
flaws  in  running  bearings.  Roller  bearing defects may
be categorized as localized and distributed. The localized
defects  include  cracks,  pits  and spalls caused by
fatigue on rolling surfaces [4]. The distributed defects
include surface roughness, waviness, misaligned races Inner face malfunction frequency 
and off size rolling elements. These defects may result
from manufacturing error and abrasive wear. f =n/2 f {1+(BD/PD) cos } (1)

the main techniques used to predict and diagnose various

i r



World Appl. Sci. J., 4 (1): 150-154, 2008

151

Outer race malfunction frequency Two types of bearing defects, namely, inner race and

f =n/2 f  {1-(BD/PD) cos } (2)o r

Roller malfunction frequency 

f =PD/BD f  {1-(BD/PD)  cos } (3)R r
2 2

The time domain and vibration spectrum analyses are
widely accepted for detecting malfunctions in bearings[7].
The frequency domain spectrum is more useful since it
also identifies the exact nature of defect in the bearings.

MATERIALS AND METHODS

An experimental test rig built to predict defects in
rolling bearings is shown in Fig. 1. The test rig consists of
a shaft with fan at the end of it, which is supported on a
bearing. The design incorporated a bearing, damage
bearing at driven head of electromotor and a coupling disk
system.The bench type model is about 0.42 m in length.
The unique feature of the rig is that three independent
variable speed motors drive the system. This permits the
damaged and undamaged bearing signals to be observed
simultaneously.

The roller bearing is tested at constant speed of
700,1500 and 2100 rpm with Cylindrical roller bearing type
TMZ 6205-2RZ (with outer race and inner race defects),
have been used for analysis. The details of the bearings
used in the present analysis are given in Table 1.

Fig.1: Photograph of set-up

Table 1: Roller bearing details (TMZ6205-2RZ)

Parameter Value

Number of rollers 9

Outer diameter, mm 51

Inner diameter, mm 27

Pitch diameter, mm 33

Roller diameter, mm 8

Contact angle, ß 0

outer race defects were studied. Experimental tests were
carried out on two sets of bearings. Initially new bearing
(good bearing) was fixed in the test rig and signals were
recorded using X-Viber. The good bearing was replaced
by defective bearing and signals were recorded for each
one of the case separately under the same standard
condition. Time domain analysis and vibration spectrum
analysis were carried out. Time waveform indicates
severity of vibrations for defective bearings and vibration
spectrum identifies exact nature of defects in bearings.

RESULTS AND DISCUSSION

The vibration signals of good bearing and defective
bearing is shown in Fig. 2, 3 and 4, respectively. The
magnitude of peak to peak time response of good bearing

Fig. 2: Overall vibrations of driven end (DE) of
electromotor in good bearing position

Fig. 3: Bearing condition of driven end of electromotor in
inner race bad bearing position

Fig. 4: Bearing condition of driven end of electromotor in
outer race bad bearing position
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Fig. 5: Vibration spectrum of healthy bearing

Fig. 6: Vibration spectrum of bearing with inner race defects

Fig. 7: Vibration spectrum of bearing with outer race defects
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Table 2: Overall vibrations and bearing condition of driven end (DE) of

electromotor

Test Measuring date mm/s RMS Alarm status BC Alarm status

1 16-12-2006 1.84 Ok 0.25 Ok

2 17-12-2006 2.27 Ok 0.31 Ok

3 19-12-2006 2.09 Ok 0.33 Ok

4 20-12-2006 1.62 Ok 0.19 Ok

5 22-12-2006 1.54 Ok 0.49 Ok

6 23-12-2006 2.10 Ok 0.33 Ok

7 23-12-2006 1.41 Ok 0.44 Ok

8 24-12-2006 1.85 Ok 0.23 Ok

9 25-12-2006 1.52 Ok 0.36 Ok

10 26-12-2006 1.73 Ok 0.37 Ok

11 28-12-2006 2.09 Ok 0.37 Ok

12 30-12-2006 1.54 Ok 0.58 Ok

13 30-12-2006 1.60 Ok 0.43 Ok

14 31-12-2006 1.57 Ok 0.36 Ok

15 01-01-2007 1.57 Ok 0.48 Ok

Mean 1.76 0.37

Standard Deviation 0.27 0.10

Table 3: Overall vibrations and bearing condition of driven end of

electromotor in inner race bad bearing position

Test Measuring date mm/s RMS Alarm status BC Alarm status

1 06-03-2007 3.29 Warning 0.23 Ok

2 07-03-2007 3.00 Warning 0.40 Warning

3 08-03-2007 3.48 Warning 0.49 Warning

4 09-03-2007 2.74 Ok 0.42 Warning

5 10-03-2007 2.58 Ok 0.44 Warning

6 11-03-2007 2.53 Ok 0.40 Warning

Mean 2.94 0.40

Standard Deviation 0.39 0.09

Table 4: Overall vibrations and bearing condition of driven end of

electromotor in outer race bad bearing 

Test Measuring date mm/s RMS Alarm status BC Alarm status

1 06-03-2007 6.47 Danger 0.73 Warning

2 07-03-2007 9.05 Danger 1.66 Danger

3 08-03-2007 9.23 Danger 1.57 Danger

4 09-03-2007 9.64 Danger 1.54 Danger

5 10-03-2007 8.97 Danger 1.16 Warning

6 11-03-2007 9.52 Danger 1.43 Warning

Mean 8.81 1.35

Standard Deviation 1.18 0.35

is  found  to  be  in  the 0.4 mm/s range in comparison to
3.5 mm/s range for defective bearings. Table 2 have been
shown measuring date, mm/s RMS, bearing condition
(BC) and alarm status for overall vibration and BC for DE

of electromotor also that showed mean and standard
deviation   of  overall vibration and  bearing condition.
Fig. 3, 4 showed the experimental overall frequencies of
the damaged bearing at rotating speeds of 500 rpm,
respectively. According to the results, the mean of overall
vibration and bearing condition had significant different
another situation and also healthy condition. Table 3, 4
showed the numerical data at 500 rpm rotating speed of
electromotor in inner race bad bearing. In order to assess
the clarity in different defects in bearings the spectrum
analysis is shown in Fig. 5-7 for good bearing, bearing
with  inner  race  defect  and bearing with outer race
defect. The magnitude of spectrum at various harmonic
frequencies for defective bearing is found to be quite
distinct in comparison to good bearings. The frequency
spectrum of the vibration signal from the inner race defect
bearing shows the peaks at 12.5Hz, 25Hz and 37.5Hz.

CONCLUSION

Trend of overall frequencies and vibration spectrum
provide useful information to analyze defects in roller
bearings. Trend indicates severity of vibration in
defective bearings. Vibration domain spectrum identifies
amplitudes corresponding to defect frequencies and
enables to predict presence of defects on inner race and
outer race of roller bearings. The distinct and different
behavior of vibration signals from bearings  with inner
race defect and outer race defect helps in identifying the
defects in roller bearings.
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