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Abstract - The development of small, localized pits causes
distributed faults in rolling element bearings. This raises the
cost of maintaining industrial machinery by causing rotor
systems to fail prematurely or even catastrophically if not
promptly monitored. This study proposed a technique for
diagnosing rolling element bearings using vibration analysis
(VS) to find distributed problems. The internal experimental
test rig was created and constructed to allow for the
experimental investigation of the vibrational properties of
distributed faults. Analytical models are contrasted with
experimental outcomes. Here, the threshold life of any bearing
may be predicted after the introduction of the flaw.

Here, localized and spread defects are compared, and the
vibrational signatures of both are correlated with
healthy bearings. This study offers a method for estimating the
bearing life following the introduction of a fault.

Key Words: Bearing failure, life of bearing, vibration-based
analysis, etc.

1.INTRODUCTION

The number of rotations a bearing can withstand before
failing due to rolling fatigue or failure of the inner ring, outer
ring, or rolling element (ball or roller) are two ways that the
service life of a bearing is stated. When equipment or a
machine component fails under the prescribed conditions of
use as stipulated by its manufacturer, it is said to have
reached the end of its rated life. The bearing's service life is
different from its rated life because it may fail due to
improper lubrication, misalignment, and mounting damage
before it reaches its real life.

The bearing's mounted accelerometer collects data,
which is then analyzed on an FFT analyzer. Separating
undesired data from other energy sources within the
machine is a crucial component of processing. By
incorporating selective digital filtering into the software, this
is accomplished. In this study, data from damaged and
undamaged bearings are compared to pinpoint the flaw.
After a set amount of time, the bearings are regularly
monitored to see if they are operating within acceptable
limits.

2. EXPERIMENTATION

The proposed experimental setup shown in fig. no.2
is rotor bearing system used for study. Numbers of
experiments were executed and validated with
Analytical results.

2.1. Design of Setup - Calculation:

To apply same loading condition, we choose disc of steel
with diameter 150 mm and thickness having 5 mm.

D =150 mm
t=5mm
V=mn/4*r2)t
=1/4*(0.0752) *0.005
=0.0000221 m?
P=m\v
m = p*v =7850%0.0000221 =0.1735 N
m=1.702 kg
F=m*g=1.702*%9.81 =16.69 N
C=F*L=16.697*0.29
Here L =0.29m
C=4.84 Nm
P =2nNC/60
P =2m*1440*4084/60
P=729.85W
P =0.72985 KW
P=0.978 hp

Therefore, we select motor having 1 HP power and 1440
RPM.

Shaft Calculation:
Power of Motor P =1 Hp = 0.746 Kw
N =1440 rpm
Syt value of steel = 265 N/mm?
FOS (Factor of Safety) = 3
o¢ = Syt/FOS
=265/3
o; =88.33 N/mm?
C =0.5Syt/FOS
=0.5%265/3
C =44.165 N/mm?
A) Shaftis subjected to pure bending load:
ot =0p=MpxY/ 1
= Mp/(m/64)d* x(d/2)
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or = My/(m/32)d?
M, = 180 16.69/2
M, = 1502.1 N/mm?
d = (My/(m/32)0))1/3
= (1502.1/(r/32)88.33)1/3

d =13.161 mm

B) Shaft subjected to Torsion moment:
C = (Mt/]) xR
R =d/2

Mt = (Px60x106)/(2mN)
=(0.746x60x100)/(2mx1440)

Mt = 4947.06 Nmm

C =[Mt/(m/32)d*]x(d/2)

C =16Mt/nd3
d =(16x4947.07 /mx44.165)
d =8.29 mm

From this we selected 20 mm diameter of rod.

The experiments are performed at 1440 rpm rotor speed
and 16.7 N radial load. The length of the shaft for the rotor
bearing system is 290mm, and diameter of the rotor is
20mm. the shaft is supported by two bearing (bearing
number: UCP204) at the drive and non-drive end.

The rotor speed is varied by Dimmerstat. the condition of
the bearing mounted towards loading arrangement side is
monitored by using an accelerometer. Bearing under test is
placed at this position only. The accelerometer is placed
right above the bearing casing perpendicular to the axis of
the rotation of the shaft in such a way so that it can acquire
vertical acceleration.

Vibration analysis by using FFT analyzer and the
software named is T-ViB sound and vibration analysis
software has been used for the frequency analysis of the
bearings.

2.2. Experimental Setup

DAS — Display
Unit

Star Coupling

Sensors
Bearingssh_
\’E

Fig. no-1: Block diagram of bearing test rig

Fig. no-2: Bearing test Rig
2.3. INSTRUMENTS USED FOR EXPERIMENTATION

2.3.1. Sensor - Piezo-Electric Accelerometer:

Piezo-Electric accelerometer is used as sensor. It is an
accelerometer that employs the piezo electric effect of
certain material to measure dynamic changes in mechanical
variables (Ex. Acceleration, vibration, and mechanical
shock).

Using the general sensing method upon which all
accelerometers are based, acceleration acts upon seismic
mass that is restrained by a spring or suspended on a
cantilever beam and converts a physical force into an
electrical signal. Before the acceleration can be converted
into an electrical quantity it must first be converted into
either a force or displacement.

2.3.1.1. Specifications

Accelerometer: S/N 372662
Sensitivity: 95.51 mV/g
BIAS: 12.06 V
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Fig. no-3: Accelerometer (Sensor)
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2.3.2. DAS (Data Acquisition System) - FFT
Analyzer:

Data acquisition is the process of sampling signals that
measures real-world physical condition and converting
resulting sample into digital numerical values that can be
manipulate by computer.

e ———————————_
-

T-DAQ IEPE

Fig. no-4: FFT Analyzer

2.3.3. Display Unit:

It displays the data in digital format. T-ViB sound and
vibration analysis software is used.

Fig. no-5: Display Unit

3. ANALYTICAL ESTIMATION OF DEFECT
FREQUENCIES

To calculate Defect frequencies of Antifriction Bearings
we required

N =1440 rpm

d=7.94 mm (diameter of ball of bearing)
P=17.28x2=34.58 mm

Z= 8 (no. of balls of bearing)

a =0 (helix angle)

1) Inner race defective frequency (Fdi)
Fdi = (ZN/2) x (1+(d/P) cosa)
= (8x1440/2) x (1+(7.94/34.56) cos0)
=7083.33 cpm
=118.055 Hz

2) Outer race defective frequency (Fdo)
Fdo = (ZN/2)x(1-(d/P) cosa)
= (8x1440/2) x (1-(7.94/34.56) cos0)
=4436.67 cpm
=73.94 Hz
3) Rolling element defective frequency (Fdr)
Fdr = (PN/2d) x (1-(d/P)? cos’a)

=(34.56x1440/2x7.94)
x (1-(7.94/34.56) cos®0)
=2968.49 cpm
=49.47 Hz
4) Cage defect = 1.5xN

=1.5x1440

=2160 cpm

=36 Hz

4. RESULT AND DISCUSSION

Here are some images of the readings we got during the
experimentation:
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Fig. no-6: 5 Hour reading

Here (Fig. no-6) cursor is kept on 49.05 (roller element
defect), 76.56 (outer race defect) and 123.118 (inner race
defect) for which we get 1.044 mm/s, 1.263 mm/s and 0.84
mm/s values of amplitude respectively.
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Fig. no-7: 10 Hour reading
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Here (Fig. no-7) cursor is kept on 49.62 (roller element
defect), 74.44 (outer race defect0 and 123 (inner race
defect) for which we get 2.48 mm/s, 0.78 mm/s and 1.75
mm/s values of amplitude respectively.

Fig. no-8: 15 Hour reading

Here (Fig. no-8) cursor is kept on 49 (roller element
defect), 72.52 (outer race defect) and 120.70 (inner race
defect) for which we get 0.50 mm/s, 1.07 mm/s and 1.20
mm/s values of amplitude respectively.
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Fig. no-9: 20 Hour reading

Here (Fig. no-9) cursor is kept on 50.05 (roller element
defect), 70.65 (outer race defect) and 120.44 (inner race
defect) for which we get 0.91 mm/s, 1.79 mm/s and 1.66
mm/s values of amplitude respectively.
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Fig. no-10: 25 Hour reading

Here (Fig. no-10) cursor is kept on 49.28 (roller element
defect), 76.07 (outer race defect) and 123.035 (inner race
defect) for which we get 1.59 mm/s, 0.50 mm/s and 2.99
mm/s values of amplitude respectively.

Here the Upper graph represents frequency domain and
lower one represents time domain graph.

For our experimentation we have considered frequency
domain graph on which x axis it represents magnitude and y
axis represents frequency (hz).

The 3-defected frequency which we calculated for roller
element, outer race defect and inner race defect are 49.47
Hz,73.94 Hz, 118.055 Hz respectively. In Frequency domain
graph XY1 peak represents roller element defect, XY2 peak
represents outer race defect and XY3 peak represents inner
race defect so according to it we put the cursor on the
following points and obtained amplitude peaks for them. As
the defectis been introduced to bearing 2 (Fig-2) so readings
are obtained from accelerometer 62 which connect to FFT
channel A. To get precise value 5 times averaging is done
which are superimposed on each other.

Inner race defect (frequency 123.035Hz)

X u D D*Y D*D

5 0841
10| 1751
15, 1203
20, 1.664
25 299

5| 849 o s w n fv

-1.682
-1.751

1.664
5.98]

oo o
=
B o e s

Amplitude

] 0 10 60 [ 100 120 140
a 1.6898 Time (Hours)
b 0.4211

Chart no-1: Inner race defect

The values obtained from the experimentation a
graphical representation is done in which x-axis represents
hrs. which is independent function and y-axis represents
frequency which is dependent.

From fig. no1[2] we studied that different satisfactory
and unsatisfactory conditions of vibrations of bearing which
divided into four classes. From fig. no1[2] Vibration Severity
[S010816 we came to know that 4.5 mm/s there is a defect
which cannot be prevent. So, after that condition we change
the bearing.

3 different graphs are plotted for 3 different defects. after
plotting the graph least square method is used to predict the
future points.

least square method is nothing but a statistical procedure
to find the best fit for a set of data points by minimizing the
sum of the offsets or residuals of points from the plotted
curve.
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Least squares regression is used to predict the behavior
of dependent variables. After finding the best fit line a
progression ofline from 4.5 mm/s amplitude is done on best
fit line the graph point at which intersection occurs from
three there a strain projection on x axis that is hr. is done
which done which can called as threshold life of bearing that
is the of hr. of times up to which bearing can still be used
after been used defect is occurred.

6. CONCLUSIONS

Generally, what everyone does that once that the defect
in bearing is detected the company replaces the bearing with
new one but from our study, we came to know that
immediately replacement of bearing is not necessary.

In our study we purposefully introduced the defect on
inner race and carried the experiment and form we came to
know that even if the defect is introduced the bearing still
can be used for approx. 104 hrs. safely.

But here some unwanted noise occurs. Which can be
removed by proper lubricant which eventually increases its
life.
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