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ABSTRACT 
Design of rotating machines, driving at higher speeds utilized for demanding loading conditions needs to be of lesser weight with 

proper association between driven and driving components is of utmost importance for designers. Designers have to ensure the 

zero alignment between the two rotating components which can be performed by various approaches. Among the available 

various techniques, vibration analysis is the most widely used technique today. Signals are extracted to evaluate the condition of 

the machine; further diagnostics are carried over with the detected signals to extend the life of the machine. Using the detected 

signals, interpretation is done using the various techniques for predicting when the defects will occur, the causes and location of 

the defects. A test rig with machine faults viz misalignment; is designed and fabricated considering the various parameters. 

Experimental investigation on the effect of parallel misalignment of shafts and unbalance is presented in this paper. 
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INTRODUCTION 
 

Successful implementation of a predictive condition-monitoring allows the machine to operate to its full 
capacity without stopping the machine during the period of inspection. A distinct vibration pattern arises due to 
the presence of defects in rotating machineries. Preloading occurs due to the misalignment in assembly of 
machine components and thermal distortion of bearing housing supports. If the operating speed matches with 
natural frequency, large vibrations will setup which may lead to catastrophic failures. Since these speeds are 
critical to the rotors, these are termed as critical speeds. The modes associated with natural frequencies are 
termed as mode shapes of the rotor. Any variations in the support stiffness will vary critical speeds and mode 
shapes. Troubleshooting of rotating machineries due to the various defects is necessary for the better 
understanding of the high speed machines. Investigation of the rotating machinery free of vibration problems is 
the intention and its prediction will be useful for analyzing a large group of rotating machineries. Proper 
functioning, stability, efficiency and health of these systems depend on the dynamics which are of critical 
investigation. In this paper a test rig capable of simulating common machine faults, namely unbalance, 
misalignment is executed and its effects investigated. 
 
Vibration Analysis: 

Implementation of circumstances based predictive maintenance strategies takes place in various industries 
across the world which can increase the availability of the machine and able to identify and diagnose the 
problems at an earlier stage during its running conditions which reduces unplanned downtime. Maintenance 
decision can be made based on the assessment of vibration information gathered from a newly installed machine 
and the old running machine. A tough association exists between the overall vibration intensity and the 
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predictable life of a bearing. The pulsation in bearing is induced due to the application of cyclical force 
instigated within the bearing or by the external forces. Disregarding the earlier one, but the application of later 
one can be of various ways like improperly installe
vibration induced in the flow and so on. The predictable life of a bearing gets reduced due to amplification in 
vibration by the application of forced forces. 

 
A. Effects of Misalignment: 

The guideline and information on the practical treatment of alignment methods and its preparations is 
provided [1]. The vibration spectrum is captured from a rotor dynamic test apparatus to predict the shaft 
misalignment and it is validated using numerical analysis [2].
the vibration spectrum and misalignment, which serves as a database for further diagnosis [3]. Various methods 
have been developed to estimate the amount of unbalance and misalignment in any rotor
this sensitivity analysis is also performed [4]. The consequence of angular misalignment on the dynamic 
characteristics and responses in a rotating disk has been investigated [5]. The phenomenon of the angular 
misalignment is theoretically explained and it is also validated by numerical investigation [6]. The outcome of 
misalignment due to the stability of two rotors coupled by a flexible mechanical coupling subjected to angular 
misalignment is inspected and the results demonstrated that a
of the stability region [7].The dynamic condition of two Jeffcott rotors coupled by rigid couplings with parallel 
misalignment is investigated through the steady state and transient response of the system
approach is discussed to discriminate the various types of faults using the harmonic components and it are 
experimentally legalized using special test
analysis is performed in the region of the static equilibrium position using Newmark scheme which is specially 
tailored to tackle nonlinear forces due to misalignment [12]. The various faults such as misalignment, unbalance 
and the combination of both are simulated in a t
RMS vibration in vertical, horizontal & axial directions of the rolling element bearings monitored using a 
piezoelectric accelerometer [13]. The role & relative importance of the main rotor sy
complex vibration signatures due to the incidence of misalignment is investigated and the manipulate of 
coupling–stiffness, anisotropy, bearing nonlinearity, mass unbalance & static torque
detailed [14]. The application of artificial neural network and wavelet transform for vibration analysis of 
combined faults of unbalances & shaft bow is described [15]. 
 
Experimental Setup: 

The bench top experimental setup shown in the Fig.1, consists of an AC motor, a 
and a single-disk rotor. The rotor shaft of length 900mm is supported by two identical pillow radial bearings of 
bearing span of 500 mm. The diameter of the rotor shaft is 12 mm, a disk of outer diameter 50 mm, weighing 
1000 grams is mounted on the midway of the bearing supports. The bearing pedestals and motor support are 
firmly mounted on steel base plate. Using the radial screws the disk is fixed to the rotor shaft. By varying the 
bearing pedestals various misalignments can be indu
developed using LABVIEW software with sound and vibration tool kit. The instrumentation used in the 
experiments includes a non-contact accelerometer of make NI 9233, the tachometer is used to measure the 
at the bearing locations. The USB-9233 module features a voltage range of ±5 V data ranges from 2 to 50 kHz 
and a dynamic range of over 100 dB and with a sensitivity of 0.9 g. An effective continuous signal extraction 
system is developed for monitoring of misaligned rotor signatures. The extracted signals are diagnosed with 
time domain analysis like RMS and PEAK to PEAK. The experiment is conducted for a speed ranging from 600 
- 2000 measured in rpm. The location of the sensor plays a significant role
defect. Therefore the signals are measured by placing the accelerometer in axial positions on top
housing.  

 

Fig. 1: Experimental Setup 
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a bearing. The pulsation in bearing is induced due to the application of cyclical force 
instigated within the bearing or by the external forces. Disregarding the earlier one, but the application of later 
one can be of various ways like improperly installed bearing, imbalance in rotors, cavitations in pump and 
vibration induced in the flow and so on. The predictable life of a bearing gets reduced due to amplification in 
vibration by the application of forced forces.  

and information on the practical treatment of alignment methods and its preparations is 
provided [1]. The vibration spectrum is captured from a rotor dynamic test apparatus to predict the shaft 
misalignment and it is validated using numerical analysis [2]. Further a strong correlation is established between 
the vibration spectrum and misalignment, which serves as a database for further diagnosis [3]. Various methods 
have been developed to estimate the amount of unbalance and misalignment in any rotor-bearin
this sensitivity analysis is also performed [4]. The consequence of angular misalignment on the dynamic 
characteristics and responses in a rotating disk has been investigated [5]. The phenomenon of the angular 

y explained and it is also validated by numerical investigation [6]. The outcome of 
misalignment due to the stability of two rotors coupled by a flexible mechanical coupling subjected to angular 
misalignment is inspected and the results demonstrated that a raise in angular misalignment leads to an increase 
of the stability region [7].The dynamic condition of two Jeffcott rotors coupled by rigid couplings with parallel 
misalignment is investigated through the steady state and transient response of the system
approach is discussed to discriminate the various types of faults using the harmonic components and it are 
experimentally legalized using special test-rigs and real machines for various categories of faults [9].A dynamic 

ormed in the region of the static equilibrium position using Newmark scheme which is specially 
tailored to tackle nonlinear forces due to misalignment [12]. The various faults such as misalignment, unbalance 
and the combination of both are simulated in a test rig fabricated with two supports. The entire study was with 
RMS vibration in vertical, horizontal & axial directions of the rolling element bearings monitored using a 
piezoelectric accelerometer [13]. The role & relative importance of the main rotor system parameters generate 
complex vibration signatures due to the incidence of misalignment is investigated and the manipulate of 

stiffness, anisotropy, bearing nonlinearity, mass unbalance & static torque- transmission effects are 
he application of artificial neural network and wavelet transform for vibration analysis of 

combined faults of unbalances & shaft bow is described [15].  

The bench top experimental setup shown in the Fig.1, consists of an AC motor, a 
disk rotor. The rotor shaft of length 900mm is supported by two identical pillow radial bearings of 

bearing span of 500 mm. The diameter of the rotor shaft is 12 mm, a disk of outer diameter 50 mm, weighing 
mounted on the midway of the bearing supports. The bearing pedestals and motor support are 

firmly mounted on steel base plate. Using the radial screws the disk is fixed to the rotor shaft. By varying the 
bearing pedestals various misalignments can be induced. A typical condition monitoring system has been 
developed using LABVIEW software with sound and vibration tool kit. The instrumentation used in the 

contact accelerometer of make NI 9233, the tachometer is used to measure the 
9233 module features a voltage range of ±5 V data ranges from 2 to 50 kHz 

and a dynamic range of over 100 dB and with a sensitivity of 0.9 g. An effective continuous signal extraction 
ng of misaligned rotor signatures. The extracted signals are diagnosed with 

time domain analysis like RMS and PEAK to PEAK. The experiment is conducted for a speed ranging from 600 
2000 measured in rpm. The location of the sensor plays a significant role in detecting an impulse from the 

defect. Therefore the signals are measured by placing the accelerometer in axial positions on top
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a bearing. The pulsation in bearing is induced due to the application of cyclical force 
instigated within the bearing or by the external forces. Disregarding the earlier one, but the application of later 

d bearing, imbalance in rotors, cavitations in pump and 
vibration induced in the flow and so on. The predictable life of a bearing gets reduced due to amplification in 

and information on the practical treatment of alignment methods and its preparations is 
provided [1]. The vibration spectrum is captured from a rotor dynamic test apparatus to predict the shaft 

Further a strong correlation is established between 
the vibration spectrum and misalignment, which serves as a database for further diagnosis [3]. Various methods 

bearing setup, based on 
this sensitivity analysis is also performed [4]. The consequence of angular misalignment on the dynamic 
characteristics and responses in a rotating disk has been investigated [5]. The phenomenon of the angular 

y explained and it is also validated by numerical investigation [6]. The outcome of 
misalignment due to the stability of two rotors coupled by a flexible mechanical coupling subjected to angular 

raise in angular misalignment leads to an increase 
of the stability region [7].The dynamic condition of two Jeffcott rotors coupled by rigid couplings with parallel 
misalignment is investigated through the steady state and transient response of the system [8]. An extensive 
approach is discussed to discriminate the various types of faults using the harmonic components and it are 

rigs and real machines for various categories of faults [9].A dynamic 
ormed in the region of the static equilibrium position using Newmark scheme which is specially 

tailored to tackle nonlinear forces due to misalignment [12]. The various faults such as misalignment, unbalance 
est rig fabricated with two supports. The entire study was with 

RMS vibration in vertical, horizontal & axial directions of the rolling element bearings monitored using a 
stem parameters generate 

complex vibration signatures due to the incidence of misalignment is investigated and the manipulate of 
transmission effects are 

he application of artificial neural network and wavelet transform for vibration analysis of 

The bench top experimental setup shown in the Fig.1, consists of an AC motor, a self designed coupling 
disk rotor. The rotor shaft of length 900mm is supported by two identical pillow radial bearings of 

bearing span of 500 mm. The diameter of the rotor shaft is 12 mm, a disk of outer diameter 50 mm, weighing 
mounted on the midway of the bearing supports. The bearing pedestals and motor support are 

firmly mounted on steel base plate. Using the radial screws the disk is fixed to the rotor shaft. By varying the 
ced. A typical condition monitoring system has been 

developed using LABVIEW software with sound and vibration tool kit. The instrumentation used in the 
contact accelerometer of make NI 9233, the tachometer is used to measure the speed 

9233 module features a voltage range of ±5 V data ranges from 2 to 50 kHz 
and a dynamic range of over 100 dB and with a sensitivity of 0.9 g. An effective continuous signal extraction 

ng of misaligned rotor signatures. The extracted signals are diagnosed with 
time domain analysis like RMS and PEAK to PEAK. The experiment is conducted for a speed ranging from 600 

in detecting an impulse from the 
defect. Therefore the signals are measured by placing the accelerometer in axial positions on top of the bearing 

 



91 M. Senthilkumar and S. Sendhilkumar.,

 
The main intention of this paper is to investigate the effects of 

be aligned manually. After achieving perfect alignment in offline conditions, then a base line data is generated at 
aligned condition which can be used for further comparison after varying the misalignment.
misalignment (0 to 2 mm) has been created by moving both bearing at CE & NDE simultaneously. In parallel 
misalignment, the RMS velocities have been used for classifying the faults which
accelerometer. The spectrum illustrates that the level of the velocity is within the limit in comparison with the 
vibration severity chart. Spectral comparisons were made across the three bearing ends. For each experiment 
amplitude of the vibrations is detected using the accelerometer. Horizontal scale is speed in orders of rpm.  
Speed seems to have the most dominant effect on vibration spectra and severity. Figs 2 to 
of misalignment and level of mach
misalignment changes at any speed. Fig. 3 shows that the RMS values at drive end of the rotor. Comparing the 
various characteristic curves along with the vibration severity chart it is conclu
is acceptable range. The vibration along the drive side is lesser in comparison to coupling end of the rotor. The 
level of vibration due to unbalance is greater t
for velocity at coupling end of the rotor. Fig.
rotor at the no load and load condition is compared with the vibration severity chart and found acceptable. 
Values of the velocity significantly vary with respect to the types of faults. From all the characteristic curves it 
is found that the RMS value increases after reaching the speed of 800 rpm. 

 

 
Fig. 2: Velocity Spectrum at DE 

 

 
Fig. 3: Velocity Spectrum at CE 
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RESULTS AND DISCUSSIONS 

The main intention of this paper is to investigate the effects of misalignment; therefore the shaft must first 
be aligned manually. After achieving perfect alignment in offline conditions, then a base line data is generated at 

e used for further comparison after varying the misalignment.
misalignment (0 to 2 mm) has been created by moving both bearing at CE & NDE simultaneously. In parallel 
misalignment, the RMS velocities have been used for classifying the faults which
accelerometer. The spectrum illustrates that the level of the velocity is within the limit in comparison with the 
vibration severity chart. Spectral comparisons were made across the three bearing ends. For each experiment 

e vibrations is detected using the accelerometer. Horizontal scale is speed in orders of rpm.  
Speed seems to have the most dominant effect on vibration spectra and severity. Figs 2 to 

and level of machine vibration. Figs 2 to 4 predict that the velocity increases as the type of 
misalignment changes at any speed. Fig. 3 shows that the RMS values at drive end of the rotor. Comparing the 
various characteristic curves along with the vibration severity chart it is concluded that the RMS value obtained 
is acceptable range. The vibration along the drive side is lesser in comparison to coupling end of the rotor. The 
level of vibration due to unbalance is greater than the normal condition. Fig. 3 illustrates the characteristi

coupling end of the rotor. Fig.4 illustrates the vibration values at non drive end of the test rig. The 
rotor at the no load and load condition is compared with the vibration severity chart and found acceptable. 

ty significantly vary with respect to the types of faults. From all the characteristic curves it 
is found that the RMS value increases after reaching the speed of 800 rpm.  
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therefore the shaft must first 
be aligned manually. After achieving perfect alignment in offline conditions, then a base line data is generated at 

e used for further comparison after varying the misalignment. Parallel 
misalignment (0 to 2 mm) has been created by moving both bearing at CE & NDE simultaneously. In parallel 
misalignment, the RMS velocities have been used for classifying the faults which is recorded using 
accelerometer. The spectrum illustrates that the level of the velocity is within the limit in comparison with the 
vibration severity chart. Spectral comparisons were made across the three bearing ends. For each experiment 

e vibrations is detected using the accelerometer. Horizontal scale is speed in orders of rpm.  
Speed seems to have the most dominant effect on vibration spectra and severity. Figs 2 to 4 illustrate the effects 

predict that the velocity increases as the type of 
misalignment changes at any speed. Fig. 3 shows that the RMS values at drive end of the rotor. Comparing the 

ded that the RMS value obtained 
is acceptable range. The vibration along the drive side is lesser in comparison to coupling end of the rotor. The 

illustrates the characteristic curve 
illustrates the vibration values at non drive end of the test rig. The 

rotor at the no load and load condition is compared with the vibration severity chart and found acceptable. 
ty significantly vary with respect to the types of faults. From all the characteristic curves it 
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Fig. 4: Velocity Spectrum at NDE 
 
Conclusion: 

The vibration monitoring test rig is developed with a variety of modes of device failure and it is definitely 
capable of independently generating universal machine faults. In this paper the investigation is done for t
effects of Parallel misalignment (0mm 
are drawn and compared. It is clear that the displacement is higher in case of NDE (away from the motor) as 
compared with the CE (nearer to the motor) in all the fault analysis against the speed of shaft. The theoretical 
forecast is in excellent agreement with the trial measurement
misalignment has produced higher vibrations at all the end conditions.
a speed of 1000 rpm is higher for a faulty condition in comparing with healthy condition irrespective of the 
drive, coupling or non drive ends. The values of displacement & velocity increase as the misalignment inc
from 0 mm to 2 mm in comparison with healthy condition. This information gives us the knowledge of the 
velocity pattern across the rotor at various misalignments. The experimental analyses illustrates that the different 
couplings reveal different frequency characteristics in the vibration spectra. 
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The vibration monitoring test rig is developed with a variety of modes of device failure and it is definitely 
capable of independently generating universal machine faults. In this paper the investigation is done for t
effects of Parallel misalignment (0mm – 2mm) over a fabricated rotor-bearing test rig the characteristic curves 
are drawn and compared. It is clear that the displacement is higher in case of NDE (away from the motor) as 

he motor) in all the fault analysis against the speed of shaft. The theoretical 
forecast is in excellent agreement with the trial measurements. In comparing the spectrum of 

has produced higher vibrations at all the end conditions. The value of displacement & velocity for 
a speed of 1000 rpm is higher for a faulty condition in comparing with healthy condition irrespective of the 
drive, coupling or non drive ends. The values of displacement & velocity increase as the misalignment inc
from 0 mm to 2 mm in comparison with healthy condition. This information gives us the knowledge of the 
velocity pattern across the rotor at various misalignments. The experimental analyses illustrates that the different 

equency characteristics in the vibration spectra.  
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