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Chapter 3 

SYNCHRONOUS GENERATOR VIBRATION MONITORING 

SYSTEM 

3.1 Vibration monitoring system 

Vibration is simply the movement of a machine or machine part back and forth 

from its position of rest. Further, it is the response of a system to some internal or 

external force applied to the system. 

Analysis of system and equipment vibration levels is one of the most commonly 

used Condition Monitoring techniques. Vibration monitoring helps determine 

the condition of rotating equipment and structural stability in a system. It also 

helps identify noise sources. 

Mechanical vibration is considered the best operating parameter to judge 

Synchronous Generator (SG) dynamic conditions such as, 

Imbalance 

Misalignment 

Mechanical looseness 

Bearing faults 

Bent shafts 

Vibration monitoring instrumentation typically uses piezoelectric accelerometer 

as a transducer/ sensor, which produces a voltage proportional to the force to 

which it is subjected and it should be permanently affixed to the generator being 

monitored. 

Preferred locations for measuring (structure borne) noise levels on installed 

machinery have evolved over a period of approx. 30 years. In concept for 

horizontally mounted machinery, measurement should be taken in the horizontal 

and vertical planes. 

Uuiversity of AJorutuv.H! Department of Electrical Engineering 12 



Synchronous Generator Vibration Monitoring System Chapter3 

To assist in the determination of machine problems, it is very helpful to have 

vibration data from each measurement point in three directions. These directions 

are called Axial, Radial, and Tangential. Axial is the direction parallel to the shaft 

in question, radial is the direction from the transducer to the center of the shaft, 

and tangential is 90 degrees from radial, tangent to the shaft. 

Vibration sampling points are selected as shown in Appendix 4. 

The vibration monitoring system for condition monitoring of the Synchronous 

Generators which is being implemented at Mahaweli and Laxapana Complexes 

power stations will be governed by the Prism 4 Pro software and the data 

collected by the instrument, SKF Microlog CMV A 60. The accelerometer, SKF 

CMSS2200 is used to measure the machine vibration. A typical arrangement of the 

instrument for measuring the vibration is shown in Figure 2.3. 

Vibration data obtained by mounting transducers on the Generator at various 

locations, typically Generator housing and bearing caps is shown in figure 3.1. 

Figure 3.1: Vibration monitoring process 
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The portable type data-gathering device, Microlog SKF Condition Monitoring 

Instrument, which is capable of acquire vibration data, convert to FFT (fast Fourier 

Transform) and store and software- PRISM4 for Windows 1.35.1 for analysis data in 

any form of displacement, velocity or acceleration is shown in Figure 3.2. 

Figure 3.2: Vibration monitoring Instruments 

The used accelerometer SKF CMSS2200, which responds to the acceleration of the 
vibration source, is shown in Figure 3.3. 

Figure 3.3: SKF CMSS2200 Accelerometer 
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3.2 Collect useful information 

Correct diagnosis of rotating machinery mechanical faults depends on having 

complete information about the vibration spectral data. Therefore following facts 

should be considered for obtaining accurate and useful data for analysis. 

3.2.1 Identify all components of the machine that could generate vibration. 

Before a spectrum can be analyzed, the components that cause vibration 

within the machine must be identified. That means first we must check 

what are the possibilities as follows. 

• If bearings are present, know their bearing default frequencies. 

• Is the machine operating in the same vicinity as another machine, if 

so, know the running speed of the adjacent machine. Vibration 

from one machine can travel through the foundation or structure 

and affect vibration levels on an adjacent machine. 

• Is the machine mounted horizontally or vertically? 

• Is the machine overhung, or connected to anything that IS 

overhung? 

3.2.2 Identify the Machine's Running Speed 

Knowing the machine's running speed is critical when analyzing an FFT 

spectrum. There are several ways of determining running speed. 

Read the speed from instrumentation at the machine or from 

instrumentation in the control room monitoring the machine. 

An FFT' s running speed peak is typically the first significant peak reading 

the spectrum from left to right. Look for this peak and check for peaks at 

two times, three times, four times, etc. The suspected running speed 

frequency (2X, 3X, 4X). Harmonics usually cause vibrations at multiples of 

the running speed frequency. 
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3.2.3 Identify what type of Measurement produced the FFT spectrum 

Determine the type of measurement that produced the spectrum such as 

displacement, velocity, acceleration, enveloping, etc. 

3.2.4 Selection of test point locations 

In general, it is desirable to locate the test transducer as close as possible to 

the bearing with solid metal between the bearing and the sensor. Avoid 

bearing caps, which are of thin metal and are thus poor conductors of 

vibration energy. If possible, pick test point locations so that there is no 

metal-to-metal joint between the bearing and the sensor. 

3.2.5 Obtain any historical Machinery Data 

Find out whether there are previously recorded values, FFTs or overall 

trend plots available of the machine and check whether was a baseline 

recorded previous occasions of monitoring. 

3.3 Analysis of the Vibration Spectrum for Generator Fault Identification 

Once the above information is known, we can proceed to analyze the spectrum. 

Analysis usually follows a process of elimination. Eliminate what is not on the 

spectrum and what is left is the problems. 

3.3.1 Once Running Speed is Determined, Identify the Spectrum's 

Frequency Ranges 

• Identify any harmonics of running speed (lX, 2X, 3X, etc.). 

• Identify bearing fault frequencies. 

• Identify adjacent machinery vibration, if applicable. 

3.3.2 Verify Suspected Fault Frequencies 

The spectra may produce peaks at identified fault frequencies. These peaks 

may or may not represent the indicated fault. Observe for harmonic to 
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determine if the identified frequencies were generated from the indicated 

fault. 

• If peak appears at the fundamental fault frequency and another peak 

appears at two times the fundamental fault frequency, it is a very strong 

indication that the fault is real. 

• If no peak appears at the fundamental fault frequency but peaks are 

present at two, three, and may be four times the fundamental fault 

frequency, then this also represents a strong indication that the indicated 

fault is valid. 

3.3.3 Determine the Severity of the Fault 

• One way to determine the fault's severity is to compare its amplitude with 

past readings taken under consistent conditions. 

• Another way is to compare the amplitude to other readings obtained by 

similar machines running under the same conditions. A higher than 

normal reading indicates a problem. 

3.4 Determine the Generator mechanical faults 

The vibration signal is analyzed in the frequency domain. That is, the amplitude 

of the signal's frequency components is plotted against the respective 

frequencies. 

The first method for analysis is comparison of the RMS value of the vibration, 

given as a vibration signal with a vibration standard such as the international ISO 

2372, the German VDI 2056 or the British BS 4675. These recommended running 

vibration standards have been developed using the extensive statistical base on 

machinery failures and are used to give an indication of overall health. 

Refer Vibration standards VDI 2056 in Appendix 5 and ISO 2372 in Appendix 6. 

Then it was used a machine model with developed faults to identify FFT patterns 

at various mechanical faults. 
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After that several case studies were carried out to identify several bearing faults 

of the CEB generators by using vibration database of machine condition 

monitoring. 

3.4.1 Misalignment 

Misalignment is created when shaft, couplings and bearings are not properly 

aligned along their centerlines. About 50% of the machine problems are due 

to misalignment. There are two types of misalignments: 

Angular misalignment 

This occurs when two shafts are joined at a coupling in such a way as to 

induce a bending force on the shaft. 

Angular misalignment causes axial vibration at fundamental frequency 

(lx). Figure 3.4 is shown the axial direction vibration frequency as 

same as in the lx running frequency. 
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Figure 3.4: Angular Misalignment 
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Parallel misalignment 

This occurs when the shaft centerlines are parallel but displaced from one 

another. 

Parallel misalignment causes Radial vibration at double the 

fundamental frequency (2x). This was illustrated in Figure 3.5 as 

double revelations on radial direction per one revolution of the shaft. 
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Figure 3.5: Parallel Misalignment 

In parallel misalignment the vibration amplitudes at double the 

fundamental frequency (A2X) can vary from 30% to 200% of that of the 

fundamental frequency (A1x), 

If (A2x)/ (A1x) <50% : considered as acceptable 

If 50% < (A2x)/ (A1x) < 150% : a coupling damage is probable 

If 150% < (A2x)/ (A1X) : problem should be fixed as soon 

as possible 
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Causes for misalignments 

• Thermal expansion due to a process working with heat. Since most 

machines are aligned cold, then as they operate and heat up, thermal 

growth causes them to grow misaligned. 

• Machines directly coupled not properly aligned. 

• Forces transmitted to the machine by piping and supports. 

• Foundation uneven, shifting or settling. 

Misalignment usually causes the bearing to carrying load than its design 

specification, which in turn causing failure due to fatigue. Fatigue is the result 

of stresses applied immediately below the load carrying surfaces and is 

observed as spalling of surface metal. 

3.4.2 Imbalance 

Imbalance occurs when the shaft's mass centerline does not coincide with its 

geometric centerline. Almost half of all machinery problems are caused by 

imbalance. There are three types of imbalance 

Static Imbalance- Only one force is involved 

Couple Imbalance- Two equal forces are 180° from each other 

Dvnamic Imbalance - Combination of above two 
J 

Imbalance can be caused by a number of factors, including improper 

manufacture, an uneven build up of debris on the rotors, or the addition of 

shaft fittings without an appropriate counter balancing procedure. Key 

characteristics of vibration caused by imbalance are; 

• Typical imbalance shows abnormally high vibration amplitude in the 

radial (vertical and horizontal) direction compared to that of the axial 

direction. 
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• It is sinusoidal, occurring at a frequency of once per revolution (lX). 

• The spectrum generally does not contain harmonics of lX running speed, 

unless severe. 

• Amplitude increases with speed up to the first critical speed of the 

machine. 

The axial imbalance frequency, that is in line with the machine runnmg 

trequency of lx as shown in Figure 3.6. 

Phase Analysis 
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Figure 3.6: Imbalance 

Sensor shows, a phase shift of 90° between the horizontal and vertical 

positions. 

Effects of Imbalance 

Imbalance usually causes the bearing to carry a higher dynamic load than its 

design specification, which in turn causes the bearing to fail due to fatigue. 

Fatigue is the result of stresses applied immediately below the load carrying 

surfaces and is observed as spalling away of surface metal. 
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3.4.3 Mechanicallooseness 

f\1echanical looseness or the improper fit between component parts, is 

generally characterized by a long string of rotating frequency harmonics and 

half fundamental frequency (1/2 x) harmonics at abnormally high 

amplitudes. 

I.e. 2x, 3x, 4x, ...... or 3.5x, 4.5x, 5.5x, ...... . 

Range is from 2x to 1 Ox 

Their magnitudes are greater than 20% of that of the fundamental 

I.e. A2x, A:~x, . . . . . . > 20% * A1x 

Causes for looseness 

The major reasons for the mechanical looseness as follows: 

•!• Machine has come loose from its mounting 

•!• A machine component has come loose. 

•!• The bearing has developed a fault which has worn down the bearing 

elements or the bearing seat. 

Effects of looseness 

If the looseness is bearing related, the effects are the same as imbalance, only 

more severe. If looseness is generated from a component, there is a possibility 

the part will become detached, causing secondary damage. 

3.4.4 Bearing defects 

Often bearing defect is not the source of the problem. It may be due to another 

fault like misalignment or imbalance. 

Bearing defects occur at much higher frequencies with much lower 

amplitudes. The bearing defect frequencies should be calculated & over-laid 

on the vibration spectra. If those frequencies align with the peak amplitudes 

in the vibration spectrum, there is probably a bearing defect. 
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1.4.5 Bent Shafts 

With overall vibration and spectral analysis, a bent shaft problem usually 

ctppears identical to misalignment problem. Phase measurements are needed 

to distinguish between the two. 

A bent shaft would produce indications of motor im?alance and angular 

misalignment. Obviously, this test could be followed up by measuring the 

phase angles of the lx vibration in each axis, measuring the shaft for runout 

and checking the alignment at the coupling. 

Causes for bent shaft 

• Cold Bow- As a result of gravity, a shaft with a high length to width ratio 

can, at rest, develop a bend. 

• Improper handling during transportation. 

• High torque. 

As with imbalance, a bent shaft usually causes the bearing to carry a higher 

dynamic load than its design specification, which in turn causes the bearing to 

fail due to fatigue. 

Phase Analysis 

Radial phase measurements typically appear "in phase". 

Axial phase measurements are typically 180° out of phase. 

Note: 
It may sometimes be difficult to quantify the degree of severity of the fault based 

on the vibration spectrum at a sight because of the presence of resonance, 

unbalance and other unknown conditions and hence, the vibration 

measurements can be trended to determine the rate of rise of the degradation, 

which is a good indicator of generator's condition. 
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