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Early Fault Detection by Vibration Measurement

D.H.Omar, M. H. Bdal, F. R. Gomaa

Abstract: Early fault detection by using vibration monitoring
devices could help industries to avoid sudden stoppage of the
machine, thus reduces machine downtime and maintenance cost
to save time and money. Early fault detection by using vibration
measurement devices are very useful for determining the
condition of rotating elements and its analysis. In this paper,
experimental studies were performed to predict misalignment
faults in rotating machine which is connected with simple rigid
coupling. The vibration is collected by using Microlog data
collector. From results, we can easily predict misalignment in
rotating machine using spectrum analysis technique.

Keywords: Diagnosis, Misalignment, Fault
techniques, Vibration measurement.
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[. INTRODUCTION

Condition monitoring is the best techniques,

condition-based maintenance is considered the most
important maintenance strategy which is used for rotating
machinery. Vibration measurement is one of the most
useful techniques to predict machine health and monitoring
the machine faults [1]. There are several techniques for
fault detection: Visual monitoring[2], Ultrasound
monitoring[3],Shock pulse monitoring[4],Temperature
monitoring[5], Oil condition monitoring[6], and vibration
monitoring[5].

The early fault detection could help to improve
machines performance and productivity during operation,
to ensure operation continuity without sudden shutdown.
Vibration monitoringis one of the most important
technique, for detecting faults in rotating machinery [7].
Vibration monitoring advantages are summarized in fault
detection and diagnosis, during normal operation and it<s
recognized as non- destructive technique as well, vibration
signature contains most information, it can be used for on-
line condition monitoring and applied toinaccessible
components [8]. The vibration monitoring is useful for
diagnosis the common mechanical faults. The common
types of mechanical faults are:

Mass unbalance, gear fault,
misalignment, and mechanical |ooseness.

bearing failure,
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Mass unbalance: Unbalance is defined as the center of
mass does not correspond to center of rotation [9].
Unbalance reasons are an eccentricity exists due to a gab of
fitting in the inner ring of a bearing, the shape of the rotor is
unsymmetrical, unsymmetrical mass distribution due to
machining or casting error or a deformation due to a
distortion [10].

Gear fault: The gear tooth damage of the two meshing
wheels cause vibration due to impact. The fault in gear is
classified into two main categories. disturbed fault, and local
fault [11].

Bearing defects. Bearing defects reasons are
overloading, uneven wear, improper lubrication, improper
manufacturing or mounting or improper design of the
bearing, misalignment of bearing races. Bearing defects is
classified into two main categories. distributed defects and
localized defects[12].

Mechanical looseness: Vibrations caused by mechanical
looseness could take place in both rotating and non- rotating
machinery [13]. Mechanical looseness types. internal
assembly looseness, looseness at machine to base plate
interface, and structure looseness [14].

Misalignment: Misalignment is defined as the relative
shaft position collinear axis deviation caused in rotating
machinery during operation within normal operating
conditions.Misalignment in rotating machinery is one of the
most common faults causing machine failure, it causes over
70% of rotating machinery vibration problems [15]. Motor
shaft misalignment decreases the motor efficiency and
causes coupling failure of excessive seal lubricant leakage,
increased vibration and noise, and failure of foundation
bolts. Common causes of misalignment are: Improper
machine assembly, Thermal distortion, Asymmetry in the
applied load [16].

Misalignment could be grouped in two categories,
parallel and angular. Paralel misalignment refers to the
offset distance between two shafts
centerlines.Parallelmisalignment can be horizontal or
verticd misalignment or both. Horizontal paralel
misalignment is in horizontal plane in which motor shaft
centerline is shifted horizontally.

And vertical paralel misalignment isin vertical planein
which motor shaft centerline is shifted vertically. Similarly
for angular misalignment it can be classified into vertical or
horizontal plane. Angular misalignment in vertical plane is
calculated by the angle of two collinear shafts centerline in
the vertical plane. Horizontal angular misalignment is the
angle between twocollinear shafts centerline in the
horizontal plane [17].

Misalignment measur ement methods
J Straight edge
. Didl indicator
. Laser system
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Laser systems are quicker, easier, have better accuracy,
and don't require special skills to get accurate results every
time[18].

Rotating machinery has lots of misaignment
applications in which machinery heath monitoring
considering it a maor mafunction to be considered.
Misalignment usually effects on coupling, bearings and
supports. In order to predict misalignment in such a system,
an experimental study is performed on rotor shaft system
with paralel misalignment and using Fast Fourier
Transform (FFT) analyzer. Another paper presented a
compared vibration signature for aligned and misaligned
conditions for motor radiad and bearing block radia
direction respectively [19].

A mechanism of power transmission between motor and
load is presented in another paper using different types of
couplings which are common in use for industries. Another
paper showed that the sensitivity of fault indicators strongly
depends on the coupling features [ 20].Another paper studied
the effects of coupling stiffness on misalignment output
response of shaft connected to AC motor. In the mentioned
paper the resulted response using Fast Fourier Transform
FFT isanalyzed and compared with Finite Element Analysis
FEA using the software.

Another study is presented using Bartlett Power Spectral
Density (BPSD) for fault identification in motor system
such as misalignment and looseness. This approach reveals
the (BPSD) provides useful information to analyze the
angular misalignment and looseness faults. Moreover, axid
vibration signature is aways dominated due to angular
misalignment. In the caseof pedestal looseness, multiple
sub-harmonics peaks were appeared. From the foregoing
analysis, it is proved beyond doubt that the BPSD based
condition monitoring method could certainly diagnose the
rotor faults if angular misalignment and looseness exist
within the rotor bearing system [21].

[I. EXPERIMENTAL WORK

The model consists of A dc motor (2850 RPM, 0.5HP),
rigid coupling, bearing 1 (SY 17 TF), shaft, disc, bearing 2
(SY 17 TF) asshownin Fig. 1.

Shaft  Bearing 2

Fig.1.Schematic Diagram

The actua experimental setup (model)is driven by 0.5HP
motor running at a speed of 2850 RPM, A rigid coupling
connects the driver and driven shaft. The actual
experimental Setup consist of a shaft of 17mm diameter and
500mm length mounted in between the two bearing (SY 17
TF). A disc of 128mm diameter is fixed at the mid span of
the shaft as shown in Fig. 2.
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Bearing & Bearing 2

Fig. 2.Actual Experimental Setup (Model)

There are two types of measurements made in the lab:-

1. Vibration measurement.
2.  Misalignment measurement.
A. Experimental Setup :
The measuring instruments used in the experimental setup:-
1. An accelerometer the output of the accel erometer
is connected to the Microlog device to
measurement the vibration.
2. Using device the TKSA 60 to measurement
misalignment
1-Vibration measur ement

B. Experiment Procedure

e Preparing for setup the device Microlog Analyzer
for measurement and analysis of vibration for
actual model.

e The motor speed is introduced to the measuring
device and this speed is equal to 2850RPM.

e Numbering the measurement points on the model.

e Fixing the accelerometer at the places different on
the measurement points.

e The curves (frequency domain and time domain)
resulting are analyzed from the measurement
process for different points and determine type of
defect from this curves.

e For example, the measurement is done near the
motor in the axia direction asin Fig.3.

e Also the measurement is on bearing in vertica
direction asin Fig.4.

Point 2

accelerometer

Fig. 3.Accelerometer fixing near the motor in axial
direction.
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Figgl. ccelerometer on bearing in vertical direction.
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1. RESULT AND DISCUSSION

Sample of spectrum in Frequency domain and Time
domain of axial, horizontal, and vertical direction at point
(2) a motor as in Fig.6 and Fig.7.In Fig.6 Spectrum in
frequency domainshows the relation between fregquency
(CPM) and amplitude mm/s.

1

InFig. (6-a) measurement in axial direction we
notice the frequency at 1x equal 2906(CPM)=
[48.4H71 the peak amplitude value is 14mm/s, it's
noticed that at 2x the frequency equal 5734
(CPM)=[95.5 H] the amplitude value is 2.75mm/s
and we notice also the frequency a 3x equa
8606(CPM)=[143.4H;] the amplitude value is
4.5mm/s.Table Ishown as value of amplitude and
frequency.

In Fig. (6-b) measurement in horizontal direction at
1x the frequency equal 2925 (CPM)= [48.7 Hz] the
amplitude value is 0.5mm/s, at 2x the frequency
equal 5734 (CPM)=[95.5 Hz] the amplitude value
isl.bmm/s, a 3x the frequency equa
8606(CPM)=[143.4 Hz] the amplitude vaue is
3mm/s. Table lIshown as value of amplitude and
frequency.

In Fig. (6-c) measurement in vertical direction at 1x
the frequency 2934 (CPM)= [48.9Hz] amplitude
value is 1mm/s, a 2X frequency
5734(CPM)=[95.5H;] the amplitude vaue
is7.25mm/s and we notice also at 3x frequency8606
(CPM)=[143.4 Hz] the amplitude vaue is

Spectrum
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2.75mm/s. Table III shown as value of amplitude
and frequency.

It means that there is misalignment fault according
to trouble shoot chart at 1 RPM=2850/60=47.5Hz,
misalignment at 2RPM= 2*2850/60= 95Hzand
3RPM= 3*2850/60= 142.5H7 [22].In time domain
in Fig.7 shows the relation between time (s) and
amplitude mm/s in axial, horizontal, and vertical
direction, it indicate that misalignment is the cause
of vibration.

Table- I: The amplitude valuein axial direction.

1x 2X 3X
Direction Am Freq Amp Freq Am Freq
plit | uenc | litud | uenc | plit | uenc
ude y e y ude y
Axial 14 | 484 | 275 | 955 | 45 | 143

mm Hz mm/ Hz mm | 4Hz
/s S /s

Table-ll: Theamplitude valuein horizontal direction.

Direction

1x 2x 3x
Am | Freg | Amp | Freg | Am | Freg
plit | uenc | litud | uenc | plit | uenc
ude y e y ude y

Horizontal 05 | 487 | 1.5m | 955 | 3m | 143

mm Hz m/s Hz m/s | 4Hz
Is

Table- I1T: Theamplitude valuein vertical direction.

1x 2x 3x
Direction A m Freq Amp Freq Am Freq
plit | uenc | litud | uenc | plit | uenc
ude y e y ude y
7.25 27
Vetica | M | 489 | | 955 | o | 143
z s z m/S z

Model \ MTR-IB-AXIAL-60, 8/30/2018 1:16:57 PM, Channel X, Trend Overall: 21.42 mm/s

Amp: 17 34, Freq: 2906, Order- 0 9688, —

4 L
A
] FTORTIORT WA T NS PRTTITITON]

5000 10000 15000 20000 25000

Frequency - CPM

35000 40000 45000 50000 55000 60000

Fig. (6-a). in axial direction
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Spectrum

Model \ MTR-IB-HRZ-60, 9/30/2018 12:51:23 PM, Channel X, Trend Overall: 1558 mm/s
Amp: 13.42, Freq: 2925, Order: 0.975, —
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0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000
Frequency - CPM
Fig. (6-b). in horizontal direction
Spectrum
Model \ MTR-IB-VRT-60, 9/30/2018 12:52:23 PM, Channel X, Trend Overall: 17.13 mm/s
Amp: 9.761, Freq: 2934, Order: 0.9781, —
" Al
10
8
w
Z
a
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Lk J o .
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000
Frequency - CPM
Fig. (6-c). in vertical direction.
Fig.6. Spectrum in frequency domain in axial, horizontal, and vertical directions.
Time
Model \ MTR-IB-AXIAL-Time1, 9/30/2018 1:19:09 PM. Channel X. Trend Overall: 2.12 g
Amp: 7.637, Time: 0.1628
10 Al
8
6
4
o 2
0
-2
4
6
0 0.02 0.04 0.08 0.08 01 012 014 0.16 018 02
Time - Seconds
Fig. (7-a). axial direction
Time
Model \ MTR-B-HRZ-Time1, 9/30/2018 12:51:34 PM, Channel X, Trend Overall: 1.804 g
Amp: 5.05, Time: 0.1441
5 af
4
2
0
2
4
6
8
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 018 02

Time - Seconds

Fig. (7-b). horizontal direction.
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Time
Meodel \ MTR-IB-VRT-Time'1, 9/30/2018 12:62:34 PM, Channel X, Trend Overall: 2.077 g

Amp: 6.071, Time: 0.04342
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Fig. (7-c). vertical direction.

Fig. 7. Spectrum in Time domain in axial, horizontal, and vertical directions.

Another Sample of spectrum at point (1) at bearing of
horizontal, and vertical direction as shown in Fig. 8 and Fig.
9. From Fig. 8 shows the relation between frequency (CPM)
and amplitude mm/s.

1.

e

s . VE

In Fig. (8-8) measurement in horizontal direction we
notice a 1x frequency 2920(CPM)=[48.6H;] the
amplitude value is 10mm/s and at 2x frequency
5833(CPM)=[97.2Hz] the amplitude vaue is
3.5mm/s.TablelV shown as value of amplitude and
frequency.

InFig (8-b) measurement in vertical direction we
notice at 1x frequency 2913(CPM)=[48.5H;] the
amplitude value is16.5mm/s and at 2x frequency

horizontal, and vertical direction, it indicate that
misalignment is the cause of vibration.

Table-lV: Theamplitude value in horizontal direction.

Direction 1x 2X
Amplitud Amplitud | Frequenc
e Frequenc e y
y
Horizonta | 10mm/s 48.6Hz 3.5mm/s 97.2Hz
|

Table- V: Theamplitude value in vertical direction,

5000 TEOD

Fraguanc ¥ - CPM

Fig. (8-b) in vertical direction

Fig. 8 Spectrum in freguency domain in horizontal and vertical direction
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5833(CPM)=[97.2H] the amplitude 3.75mm/s Teble | ' Ix 2
V shown as value of amplitude and frequency. - .
It means the fault is misalignment according to Amplitud E Amplitud | Frequenc
trouble shoot chart which is misalignment appear at € requenc € y
1RPM=2850/60=47.5H; and _ y
2RPM=2* 2850/60=95H,[22]. Vertica 16.5mm/s 48.5H; 3.75mm/s 97.2H7
In time domain in Fig.9 shows the relation between
time (s) and amplitude mm/s a point (1) in
ey ] |
| |
o 1x [
| | x |
.| I
: I AL I
Lz L e SN TSR N |
Fig. (8-a) in horizontal direction
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Model \ PUMP-B-HRZ Time1, 9/30/2018 12.64.21 PM, Channel X, Trend Overall. 1 616 g

Amp: 6.263, Time: 06246

A

6

h b R e N &

0.5

Fig. (9-a)in hor_izontal direction.

Model \ PUMP-IB-VRT-Time1, 9/30/2018 12:66.66 PM, Channel X, Trend Overall: 1.826 g

Amp. 7.346. Time. 0.6836

A

Nmoahbhbonwraoo

1 1.185

"

[ 05

Fig. (9-b) in ver

1 1185

cal direction

Fig. 9 Time domain in horizontal and vertical direction.

2-Misalignment measuring

C.

Experiment procedure

To measure misalignment using device TKSA 60 as

shown
[ ]

inFig. 10 and. 11.

Mount the two V- brackets on the two shaft of motor

and rotor by chains, then screw the two rods of each

bracket that hold the measuring unit (sensor).

Make the two sensors aligned manually as much as

you can the switch them on.

After switching it on select to use either horizontal or

vertical aignment from the display unit. After

connection is done between display unit and two

sensors, specify the accurate dimensions of the

system by using meter. Specify the convenient

alignment tolerance based on RPM according to SO

standard.

= The horizontal alignment machine dimensions:

= The distance between two measuring units, from
the centers of the rods equal 7 cm.

= The distance between the measuring unit and the
front foot of the movable machine(motor) (center
of foot) equa 1.5 cm. note that this may be
negative, if necessary.

= The distance between the front and back feet of
the movable machine (motor) (center of feet)
equal 8.5cm.

= The distance between two bearings equal 36.5
cm.

= The distance between the bearing near of
coupling and the measuring unit equal 9 cm.

= The Tolerance equal to 0.07 mm.

Take 3 measurement at 3 different positionse.g at 12,

3, and 9 o’clock as an initial inspection.

Misalignment results(values) will be displayed in the

horizontal and vertical directions.

While the sensors are at 12 o’clock, correct

misalignment first in the vertical direction by adding

or removing shims from the movable motor unit

reach the required value
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While the sensors are at 3 or 9 o’clock, correct
misalignment in the horizontal direction by moving
the motor either toward or away from the user’s view
point until reach the required value.

Fig.12 and table.VI shows the measurement result.
From Fig.12 and Table. VI Angular misalignment the
measurement result is more than twice the specified
tolerance. Paralel misalignment the measurement
result is between 1x and 2x the specified tolerance.

Motor
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Fig. 12 M easurement result.

Table- VI: Result misalignment.

Angular misalignment Parallel misalignment

0.46/100 -012mm

IV. CONCLUSION

Vibration measurement and analysis is one of the most
important method used for machine conditionmonitoring to
detect and diagnose faults in the rotating machinery. This
could help us to avoid sudden stoppage, save cost and time.
Misalignment is one of the most common faults in the
rotating machinery, it is most important fault because it
affects the other components condition if not corrected
early.

The presented study focuses on misalignment through
vibration measurement and analysis in both frequency and
time domains. The result from Fig. 6 and 7 show increases
in peaks in frequency domain, time domain at 1,2,3 X in
axial direction and vertical direction which are referred to
misalignment fault. Using Laser aignment device to
quantify increase misalignment in both angular or/and
parallel then using shims as required to create artificial
misalignment. The presented study focuses on misalignment
fault detection using spectrum analysistechnique. The results
are monitored using vibration device.
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