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ABSTRACT Induction motors are the most important and significant component of any industry. Induction motor faults

results in motor failure causing loss of production time and cost of repairing. Vibration analysis is one of the
most successful technique used for condition monitoring of rotating machines. This paper describes a new condition monitoring
method for induction motors based on vibration signal analysis. A robust bearing fault detection scheme has been developed by time
domain feature extraction from vibration signals of healthy and faulty bearings. The statistical parameters such as peak value, RMS
value, crest factor, kurtosis, skewness, impulse factor, shape factor, clearance factor, upper bound and lower bound value of histogram

are used for feature extraction.

Introduction

Induction motors are the most important and significant com-
ponent of any industry and there breakdown cause great loss
due to shutdown of industry and also increases the running cost
of machine with reduction in efficiency [1]. Thus detection and
diagnosis of incipient faults in induction motor is desirable for
product quality assurance and improved operational efficiency.
Motor failures in industries cannot be tolerated because it leads
to losses in production time and cost of repairing.

Condition based maintenance is most widely used basic mainte-
nance approach, during which inspection of machine is carried
out at variable time interval instead of fixed time period. Condi-
tion monitoring is carried out to evaluate the lifetime or to find
out the health condition of motor and to calculate the degree or
grade of detoriation [2]. Correct determination limit saves the
unnecessary repair time and cost.

When a fault takes place, some of machine parameters are sub-
ject to change [3]. The change in machine parameter depends
upon the degree of faults and the interaction with other param-
eters. Thus by the measurement of machine parameters like
terminal voltage, current [4-7], temperature of stator[8,9], ro-
tor speed, torque [10,11], stator frame vibration[12], bearing
vibration[13-15], information about development of fault can
be obtained and accordingly maintenance can be planned for
next available shutdown.

To study the nature and severity of bearing fault vibration sig-
nals were considered since they carry the most relevant infor-
mation about all the types of bearing faults. Vibration signals
were considered for four types of bearing conditions namely
healthy bearing, defective ball, defective inner race and defec-
tive outer race in a 5Shp motor three phase induction motor.

Experimental Setup

The monitoring system used for experimental purpose is shown
in figure 1. Main components of this system are a 5H.P. induction
motor, accelerometer MMA2201EG and data acquisition card.
For study bearings (SKF6206) having artificial defect on outer
race way, inner race way and rolling element were used.

Figure 1 Monitoring System

Vibration signals were recorded for healthy as well as defective
bearings analyzed in the time domain using signal processing
techniques. Characteristics features as well as statistical param-
eter such as rms level, peak level, crest factor, skewness, kurto-
sis, clearance factor, impulse factor, shape factor, standard devi-
ation, upper wound value of histogram and lower wound value
of histogram were also studied for each type of bearing fault.

Computation of Features

Accuracy of interpretation of results has been ascertained by
recording the signal by a number of times for a given state of
the bearing (healthy as well as defective). Each vibration record
consists of 60,000 sample points which is segmented into sets
of 2000 data points. These small recorded data sets were then
analyzed using MATLAB. Time domain features were extracted
for each vibration signal. Study of thirty vibration records for
healthy bearing condition was done to obtain time features.
Similarly, thirty vibration records each for defective ball case,
defective inner race case and defective outer race case were
studied to obtain time features of each condition. The time do-
main features considered in this research work were calculated
as [16]:
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Result and Discussion

The time domain vibration signals considered for the analysis
are collected for four different conditions of the bearing: healthy
bearing (HB), defective ball (DB), defective inner race (DIR) and
defective outer race (DOR). For faulty bearing probability distri-
bution of vibration acceleration showed a non Gaussian distri-
bution with a dominant tail as compared to normal distribution
in case of healthy bearing. The vibration signature for a healthy
bearing is shown in figure 2 Vibration signals for bearings with
faults located in rolling element, inner race and outer race are
shown in figure2, 3, 4 and 5 respectively.
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Figure 3: Vibration Signal of Defective Ball
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Figure 4:Vibration Signal of Defective Inner Raceway

The time domain analysis features are extracted from vibration
signals of healthy and faulty bearings for fault classification. The
statistical parameters such as peak value , RMS value, crest fac-
tor, kurtosis, skewness, impulse factor, shape factor, clearance

factor, upper bound and lower bound value of histogram are
used for feature extraction. Feature extracted from vibration
signals are shown graphically in figures 6-16.
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Figure 5: Vihration Signal of Defective Outer Racewav
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Figure 9: Variation of Crest Factor

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 257




Volume 12| Issue: 5| May 2013 « ISSN No 2277 - 8179 Research Paper

5

! N e
B3 et
Mz

1

0

1 3 5 7 9 11131517 19 21 23 25
Figure 10: Variation of Kuriosis

1 3 5 7 9 11131517 19 21 23 25
Figure 11: Variation of Skewness

6
H
2
£H
g
52 [ it it = St = = a BN = g = =]
3!
1
0
1 3 5 7 9 1113 1517 19 21 23 25
Figure 12: Variation of Clearance Factor
1]
FR e . -
il secSvar = e v
%2 | gy g BB g Ry g
0
1 3 Fweha: Varidhbn dttmpidse Fheide 21 23 25
1%

=1

Saape Faciar
m

i

P Figwe i lonst ke Pt 0 21 23 23

2.5
b
g 2 Ltr‘-.q‘p—uaa?.b#
£
-§§1.5
-1
3o
&
=

|

=

1 3 5 7 911131517 19 21 23 25
Figure 15: Variation of Upper Bound Value of
Histogram

Following observations are made from these plots:

1)

2)

3)

4)

5)

Figure 6 is standard deviation curve which is a measure of
variation from mean position. For healthy condition, stand-
ard deviation of vibration data is very closed to zero i.e.
0.0036. The value of standard deviation increases with in-
troduction of fault. Standard deviation for DB, DIR, and DOR
is 0.1773, 0.1745 and 0.9010 respectively. It can be seen
that standard deviation for DIR and DOR is much higher as
compared to that of DB. This indicates that raceway fault
introduces greater asymmetry in vibration data.

Figure 7 represents the RMS level of the vibration for four
bearing state considered in this study i.e. for healthy bear-
ing (HB), bearing with defective ball (DB), bearing with
defective inner race (DIR) and bearing with defective outer
race (DOR). It can be observed that there is no overlap-
ping in values of RMS level for healthy and faulty bearings.
Therefore RMS parameter can be a good indicator of fault
classification.

The variation in the peak value for healthy to faulty bear-
ing condition is shown in figure 8 It increases with severity
of fault however peak level for defective outer race is more
than that for defective inner race.

It can be seen that crest factor for healthy bearing, DOR
bearing, and DB bearing is overlapping therefore these
three conditions cannot be differentiated using crest factor.
However crest factor is good indication to identify DIR fault.
Peak level value is high for DB as compared to that of DIR
and DOR as shown in figure 9.

Kurtosis technique detects the presence of impulsiveness in
the vibration signal. The value of kurtosis for different bear-
ing condition is shown in figure 10. It can be easily noticed
that it increases for ball defect, indicating vibration data
with distinct peaks with rapid declination in data. However,
for other defective cases, increase in number of peaks make
data distribution is flat and therefore gives low value for
kurtosis.

6) Variation of skewness of vibration data for different cases

7)

8)

9)

is shown in figure 11. It can be observed that for healthy
condition, skewness of vibration data is very close to zero
which increases with introduction of fault. As, skewness is a
measure of symmetry of probability density function giving
zero value for symmetric distribution. From figure 11 it can
be concluded that skewness is good indication to identify
DIR fault.

Clearance factor is dependent on peak value. As shown
in figure 12 the value of clearance factor is maximum for
healthy condition and it goes on decreasing for DB, DOR,
and DIR respectively. The clearance factor has highest sepa-
ration ability for DIR.

Figure 13 shows that the trend of impulse factor for all the
four bearing state and is similar to the clearance factor but
with a much lower value.

The variation in values of shape factor from healthy to
faulty bearing condition is shown in figure 14. There is no
overlapping in the values and it increases with increase in
level of fault value.

10) The vibration of upper and lower bound values of histo-

gram is shown in figure 15 and 16 respectively. Value of
upper bound histogram is maximum for outer race fault.
Whereas for lower bound histogram value is highly nega-
tive for inner race fault.

Vibration in range of these parameters is shown in table 1.

Mean and standard deviation for different features were ob-
tained under no load condition in all the four bearing condi-
tions. Results are summarized in table 2.
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Conclusion

Separation between healthy bearing and outer race fault are
maximum in the plots of peak value, skewness and upper bound
value of histogram and can successfully classify these two con-
ditions. The plots of standard deviation, RMS, and shape factor,
lower ground value of histogram, clearance factor and impulse
factor clearly show the difference between healthy bearing and
inner race fault. Similarly, the difference between healthy bear-

skewness.

In this research work, time-domain domain analysis technique
has been employed for study of vibration signals on healthy
bearing as well as different bearing fault conditions and it is ob-
served that developed faults diagnosis system gives good clas-
sification for different fault conditions of induction motor ball
bearing.

ing and rolling element fault is shown in plots of kurtosis and

Table 1: Statistical Parameters of Time Domain Analysis

Healthy Inner race fault Outer race fault Faulty ball
S.No. | Features
Min Max Min Max min Max min max
1 Standard Deviation 0.0635 [0.0795 [1.0945 [1.2174 |0.8509 |0.9376 |0.1597 |0.2518
2 Peak Value 0.2069 |0.2826 |1.8619 [2.0738 |2.1881 |2.361 0.4451 |0.6152
3 RMS Value 0.0634 [0.0795 [1.0942 [1.2171 |0.8507 |0.9373 |0.1597 |0.1974
4 Creast Factor 2.9421 [3.7679 [1.6073 |1.8117 |2.4093 |2.7526 |2.6128 |3.4873
5 Kurtosis 2.6901 [3.1509 |[2.4431 [2.7794 |2.6526 |2.9552 |2.728 3.4172
6 Skewness -0.176 |0.0847 |-0.621 |-0.406 |-0.078 |0.1896 |-0.326  |-0.087
7 Clearance Factor 48668 |5.17509 |2.1879 |2.5038 |3.4797 |4.0523 |4.1693 |4.7182
Impulse Factor 4.0091 |4.4472 |1.9092 |2.1839 |2.9744 |3.4411 |3.4551 |3.8407
9 Shape Factor 0307 |03412 [1.2293 [1.2972 |1.1191 |1.1702 |0.4838 |0.5592
10 Upper Bound value of histogram | 0.207 0.2828 |[1.8633 2.0753 2.1893 2.3624 0.4454 0.6155
11 | Lower Bound value of histogram |-0.328 |-0.2125 |-3.845 |-3.497 [-3.488 |-2.741 -0.884 |-0.498
Table 2 Time Domain Features Skewness Std 0.0241 [0.0522 [0.0459 |0.0502
: Tner Outer mean |-0.0309 [-0.5276 [-0.0579 |-0.2171
gtastlca% gealt.hy race  |race lf3a1} Clearance Factor|Std__0:0908 [0.0715 [0.1505 0.1503
arameter earng ety |faulty  [faulty mean |5.0189 |2.3058 [3.7308 |4.4113
Standard Std _ [0.1070 [0.0615 [0.1226 |0.0997
da mean |0.0712 |1.1745 |0.9010 [0.1773
Deviation Impulse Factor - 142086 [2.0024 |3.1784 |3.6229
mean g-égég é-g;g‘; ﬁ-ggig g-gigi P mean [0.3232 [1.2712 [1.1454 _|0.5086
: - - - Upper Bound
RMS Value mean [0.0709 _|1.1740 [22.5191 |4.3667 Value of Std_ [0.0172 |0.0537 |0.0446 [0.0457
C P Std  [0.2126 [0.0503 |0.0918 [0.2577 Histogram mean |0.2310 [1.9511 |2.3064 [0.5239
restfactor  Imean [3.2664 [1.6715 [2.5608 [2.9929 vowerBound |seq  0.0294 |0.0857 |0.2105 |0.0910
. Std_ [0.0946 |0.0983 [0.0798 |0.1256 .
f Hist -0.2426 |-3.7155 |-3.1012_|-0.6830
Kurtosis mean [2.9037 |2.5958 [2.7990 |3.5453 ol Sistosfam  [meal
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