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Abstract— A machine operating under different conditions give rise to vibrations and noise. During its operation, the
parts associated with it creates disturbance in rotating equipments which in turn reduces the efficiency and decreases the
performance of the machine. These vibrations in terms of disturbance can be controlled and diagnosed with knowledge
of machine condition, when subjected to change in Frequency & Amplitude. In this paper, an attempt is made to analyze
the behavior of machines using vibration signature analysis and applying Fast Fourier Transformation (FFT) techniques
captured using a suitable transducer.
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I. INTRODUCTION

Condition monitoring technique is the process of monitoring a parameter of condition in machinery (vibration,
temperature etc.), in order to identify a significant change which is indicative of a developing fault. It is a
major component of predictive maintenance. The use of condition monitoring allows maintenance to be
scheduled, or other actions to be taken to prevent failure and avoid its consequences. Condition monitoring
has a unique benefit of being identified before they develop into a major failure.

The different types of Condition Monitoring Techniques are listed as follows [1]

 Visual monitoring.

 Contaminant or debris monitoring.

 Performance and behavior monitoring.

 Corrosion monitoring thermograph.

 Sound monitoring.

 Shock pulse monitoring.

 Vibration Monitoring.

In earlier days, the maintenance of machines was carried out only when they break down, Since the research is
developed in later stage and new methods such as Condition Based Maintenance (CBM), Reliable Based
Maintenance (RBM), Predictive maintenance (PM) etc. came into existence in order to Predict, Estimate &
Diagnose the remaining life of machine and to enhance the performance according to standard requirements.
Most of the defects encountered in the rotating machinery can be identified by “Vibration Monitoring”. All
rotating equipments give rise to a distinct vibration pattern (vibration signature analysis techniques). Vibration
Monitoring is the ability to record and identify vibration “Signatures” which makes the technique so powerful
for monitoring rotating machinery. Vibration analysis is normally applied by using transducers to measure
displacement velocity& acceleration. The choice largely depends on the frequencies being analyzed [1].
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Rotating machinery has been widely used in the area of chemical industry, aviation, and power. It generates
vibration signal which contains the working state information of mechanical equipment [2].

G. Suresh Babu & V. Chittaranjan Das, 2013, the paper aims at the implementation of condition based
maintenance on BOILER FEED pump critical Machine used in the thermal plant, by adopting Vibration
spectrum analysis which is a predictive maintenance technology.  For the BOILER FEED pump the vibration
readings show that values are more than normal readings. Spectrum analysis was done on readings and found
that mass unbalance in vanes. It was corrected based on phase analysis and vibration readings were observed
after modification which gives the values within normal range. It eliminates unnecessary opening of
equipment with considerable savings in personnel resources [1]. Lie You, et. al, 2011, In this paper, a new fault
diagnosis system of rotating machinery vibration signal, which can improve the precision of testing vibration
signal, was proposed. We used the advanced PXI test platform, adopting 16bit resolution A/D device and
FPGA technology in the design. The conditions for further realization of detail analysis of time-frequency
domain were also provided. The system can monitor vibration acceleration and velocity signal, making
accurate judgment on mechanical fault. Compared with the existed fault diagnosis systems, the system
mentioned can achieve higher accuracy, and improve accurate diagnostic capability and dramatically
increased interaction. Experimental results demonstrated that the system had met the design requirements [2].

II. METHODOLOGY

A. General Methodology

As a starting point for any discussion on condition monitoring it is useful to define what is meant by the term,
and to describe how it relates to other techniques used in the operation and maintenance of machines, such as
alarm and shut down systems or methods for failure and problem investigation.

The crudest method for operating machines is to run them until they fail, and then to try and repair them in
order to make them fit for further service. This method of operation can be very expensive in terms of lost
output and machine destruction, and in addition can involve hazards to personnel. It is now well recognized
that, particularly in the case of large and expensive plant, it is more economical and operationally satisfactory
to carry out regular maintenance. This involves the maintenance of the machine or its various components at
regular intervals, to reduce the likelihood of failure during a time when the machine is required to be available
for use. The problem in planning this type of maintenance lies in the choice of an appropriate maintenance
interval for the machine, because the actual running time before maintenance is really needed is not constant,
but varies from one occasion to another, due to differences in the operation of the machine in the behavior of
its components[3].

There are two main methods used for condition monitoring, and these are trend monitoring and condition
checking. Trend monitoring is the continuous or regular measurement and interpretation of data, collected
during machine operation, to indicate variations in the condition of the machine or its components, in the
interests of safe and economical operation. This involves the selection of some suitable and measurable
indication of machine or component deterioration, such as one of those listed in Fig.1

Figure 1: Deterioration Vs Running Time[3]
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B. Fault Detection And Diagnosis From Vibration Analysis

Diagnostics is understood as identification of a machine's condition/faults on the basis of symptoms.
Diagnosis requires a skill in identifying machine's condition from symptoms. The term diagnosis is
understood here similarly as in medicine. It is generally thought that vibration is a symptom of a gearbox
condition. Vibration generated by gearboxes is complicated in its structure but gives a lot of information. We
may say that vibration is a signal of a gearbox condition. To understand information carried by vibration one
have to be conscious/ aware of a relation between factors having influence to vibration and a vibration signal.
In order to detect (and diagnosis) an impending failure, a good understanding of the evidence relating to the
failure mode and methods of collecting and quantifying the evidence is needed. Although many faults may be
easily detectable by physical examination of a component, using techniques such as microscopy, Xray, dye
penetrates, magnetic rubber, etc., these methods usually cannot be performed without removal of, and in some
cases physical damage to, the component. Whilst physical examination techniques still play a critical role
during manufacture, assembly and overhaul, they are impractical in an operational large transmission system
and other (non-intrusive) fault detection methods need to be employed for routine monitoring purposes. Most
modern techniques for gear diagnostics are based on the analysis of vibration signals picked up from the
gearbox casing. The common target is to detect the presence and the type of fault at an early stage of
development and to monitor its evolution, in order to estimate the machine’s residual life and choose an
adequate plan of maintenance [4].

The main causes of mechanical vibration are unbalance, misalignment, looseness and distortion, defective
bearings, gearing and coupling in accuracies, critical speeds, various form of resonance, bad drive belts,
reciprocating forces, aerodynamic or hydrodynamic forces, oil whirl, friction whirl, rotor/stator
misalignments, bent rotor shafts, defective rotor bars, and so on. Some of the most common faults that can be
detected using vibration analysis are summarized in Table 1[4].

Table 1: Some typical faults and defects that can be detected with vibration analysis[4]
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Time Waveform Analysis: Prior to the commercial availability of spectral analyzers, almost all vibration
analysis was performed in the time domain. By studying the time domain waveform using equipment such as
oscilloscopes, oscillographs, or ‘vibrographs’, it was often possible to detect changes in the vibration signature
caused by faults. However, diagnosis of faults was a difficult task; relating a change to a particular component
required the manual calculation of the repetition frequency based on the time difference observed between
feature points. Waveform analysis can also be useful in identify vibrations that are non synchronous with shaft
speed. In machine cost down analysis waveform can indicate the occurrence of resonance. A typical vibration
waveform is shown in figure 2 for a gearbox. This waveform shows the anomalous behavior of the gear after
certain intervals with large magnitude. The peak level, RMS, level, and the crest factor are often used to
quantify the time signal[4].

Figure 2: Typical waveform of defected gear vibration signal.

Frequency Domain Analysis: The frequency domain methods include Fast Fourier Transform (FFT), Hilbert
Transform Method and Power Cepstrum Analysis, etc. They are using the difference of power spectral density
of the signal due to the fault of gear and/or bearing to identify the damage of elements [5]. Any real world
signal can be broken down into a combination of unique sine waves. Every sine wave separated from the signal
appears as a vertical line in the frequency domain. Its height represents its amplitude and its position represents
the frequency. The frequency domain representation is called the signal and domain completely defines the
vibration. Frequency domain analysis not only detects the faults in rotating machinery but also indicates the
cause of the defect [6].

Theoretically, time domain can be converted into frequency domain using the Fourier Transforms and vice
versa. The Fourier transform is a generalization of the complex Fourier series in the limit as LLM. Replace the
discrete An with the continuous F(k)dk while letting n/L_k. Then change the sum to an integral, and the
equations become

Here, equation (1) is called forward (-i) Fourier Transform and the (2) is called the inverse Fourier
Transform[4].

Fast Fourier Transformation: The Fast Fourier Transform (FFT) is simply a class of special algorithms which
implement the discrete Fourier transform with considerable savings in computational time. It must be pointed
out that the FFT is not a different transform from the DFT, but rather just a means of computing the DFT with a
considerable reduction in the number of calculations required. The Fast Fourier transform (FFT) is a discrete

1

2
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Fourier transform algorithm which reduces the number of computations needed for N points from 2N2 to
2NlgN, where log is the base-2 logarithm[4].

Figure 3: Typical FFT Spectrum of defected gear vibration signal.

III. RESULTS & DISCUSSION

The reason for the frequent increase in vibration was found to be due to looseness problem in the main pump
bed bolts and it is also the fact that, the vibrations may arise due to looseness of the main pump impeller
casing. In order to rectify this problem various operations were analyzed. It was found that the main pump bed
bolts and the impeller casing of the main pump are not properly tightened and having some looseness. To
rectify this, the main pump bed bolts were tightened and the impeller casing of the shelter of the main pump
was checked for looseness and adjusted so that the vibration must be reduced.

Vibration in a rotating machine cannot be completely eliminated, but can be controlled within an acceptable
limit.

The following lists some of the reasons for performing a vibration analysis:

1. Establishing "baseline data" for future analysis needs.

2. Identifying the cause of excessive vibration.

3. Identifying the cause of a significant vibration increase.

4. Identifying the source of crack in the shaft.

5. Overall Analysis of the rotating shaft & its correlation with FEA Analysis

Due to unexpected operating conditions, various faults such as cross-sectional cracks, looseness and
misalignment may occur during their service life. Experimental studies have analyzed on a rotor bearing
system to predict the vibration spectrum for shaft misalignment. Here accelerometer is used along with a
device called as Fast Fourier Transform (F.F.T.) Analyzer RMS accelerations for vibration is higher in
horizontal direction in case of both bearing supports, and increases when misalignments increased. The work
analyzed on the experimental investigations of the effects of cracks and damages on the integrity of structures,
with a view to detect, quantify with the study of some parameter such as critical speed, RMS velocity method
of identifying parameter such as critical speed and RMS velocity gives positive identification on structure.
Critical speed decreases with increase in crack depth .Lower the critical speed as the crack closer to disc.
Higher the critical speed as crack away from the disk.RMS velocity increases as crack depth increases. Hence
the rotating equipments behave drastically under different operating conditions when analyzed using vibration
analyzer.
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