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INTRODUCTION 

Condition monitoring of synchronous generators can be effective in minimizing 

overall maintenance costs and downtime associated with the operation of these 

machines. Rotor shaft misalignment and Imbalance of the synchronous generator 

are two of the most common failure modes associated with the synchronous 

generator. 

The statistical data of failures among generators indicates that over half of all 

machinery problems are caused by misalignment and almost half of all 

machinery problems are caused by imbalance. 

The other machine faults include mechanical looseness or improper fit between 

component parts, electrical faults measured as vibration, bearing cocked on a 

shaft and bearing defects, etc. 

Condition Monitoring Systems are available to assess the condition of the 

synchronous generators and to identify indications of generator problems and 

hence to determine the most effective time to schedule the maintenance. 

1.2 Condition Monitoring Tools 

The principle of a Condition Monitoring System is straightforward: 

• The goal is to identify changes in the condition of a machine that will 

indicate some potential failure. 

• Physical characteristics are identified that collectively indicate the present 

condition of the machine. 

• Each of these characteristics is measured, analyzed, and recorded so that 

trends can be recognized. 
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Among the Condition Monitoring Tools, which are used in the industry 

followings are at the top: . 

• Visual Inspection - The most preliminary form of condition monitoring is 

visual inspection by experienced operators and maintainers. Failure 

modes such as cracking, leaking, corrosion, etc can often be detected by 

visual inspection before failure is likely. This form of condition monitoring 

is generally the cheapest. Consequently, other forms of condition 

monitoring should generally augment, rather than replace, visual 

inspection. 

• Vibration Analysis - the analysis of the unique patterns of vibration 

created by specific components of an electro mechanical system. These 

unique patterns can provide early indications of problems such as 

machinery imbalance, misalignment, bearing wear, worn gears, etc. 

• Temperature Analysis - identifying abnormal temperature variations 

across the machinery surface can be discovered with non-destructive 

testing with thermographs. That could result from problems such as 

bearing wear, lack of lubrication, degrading electrical contacts and 

terminations, etc. 

• Oil Analysis - analyzing the physical and chemical properties of 

lubrication to identify contamination, wears particles, as well as changes 

in viscosity and other chemical properties. Controlling these critical 

parameters is the key to preventing premature failure of mechanical 

systems such as bearings, gears, etc. For example high silicon content 

indicates contamination of grit etc, and high iron levels indicate wearing 

components. 
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• Performance analysis - where the physical efficiency, performance, or 

condition is found by comparing actual parameters against an ideal 

model. Deterioration is typically the cause of difference in the readings. 

Generators and motors are arguably the most common machines. 

1.3 Vibration Analysis 

In electric machinery vibration analysis can determine misalignment, unbalance, 

mechanical looseness, eccentric rotors, bearing wear, loose rotor bars, and poor 

end turn connections. Vibration analysis can be applied to all rotating equipment, 

(from less than 1 rpm to 10000 rpm and above). 

Many vibrations are normal for rotating or moving machinery, e.g. normal rotation 

of shafts and other rotors, contact with bearings etc. Specific problems with 

machinery generate abnormal identifiable vibrations, e.g., misaligned shafts, 

Imbalance, loose bolts, worn bearings, leaks and incipient metal fatigue. 

Key to using vibration signature analysis for predictive maintenance is ability to 

differentiate between normal and abnormal vibration profiles. Predictive 

maintenance using vibration signature analysis is based on the following: 

I. All common machinery problems and failure modes have distinct 

vibration frequency components that can be isolated and identified. 

I Frequency-domain signature is generally used because it contains discrete 

peaks, each representing specific vibration source. 

~: There is a cause for each frequency component. 

~ When the machine signature is compared over time, it will repeat until 

some event changes the vibration pattern. 
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To monitor the dynamic operating conditions of these SGs (in addition to the 

maintenance procedures performed in routine) a vibration monitoring system is 

being used. 

1.4 Thesis Objective & Outline 

In electric machinery vibration analysis can- determine lot of electrical and 

mechanical faults. A bearing that has a small developing defect will cause a 

telltale change in the machine vibration level. Vibration analysis, properly 

applied, allows detecting small developing mechanical defects long before they 

become a threat to the integrity of the machine. 

The main objective of this is to identify and verify the vibration analysis results to 

detect the SG faults at small developing mechanical defects long before they 

become a threat to the integrity of the machine. This analysis results helps to 

identify misalignment, imbalance, mechanical looseness, eccentric rotors, bearing 

wear, loose coupling, and rotor bars of Generators. 

Thus it helps to provide the necessary lead-time to schedule maintenance to suit 

the needs of the plant management. Numerous studies, such as those conducted 

by the Electric Power Research Institute (EPRI), have shown that on average, the 

cost to industry for maintenance will be reduced by more than 50% if a predictive 

maintenance program is used instead of run-to-failure. 

Procedure: 

Following guidelines are used to achieve the final goal, 

a) Generator fault identification through mechanical vibration 

monitoring. 

Analysis of the velocity vibration FFT spectrum. 

Deriving a relationship between critical vibration frequencies 

and the mechanical faults. 
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b) Synchronous Generator fault identification and verified by using an 

experiment from machine model with originated faults to identify FFT 

patterns at these faults. 

c) Compare obtained results from case study and experiment with the 

standards of vibration analysis. 

d) Formulation of a fault detecting sGheme that indicate SG faults at early 

stage. 

1.5 Advantages of vibration Monitoring System 

a) Avoiding expensive failures 

It can realize substantial savings if equipment is shut down for repairs before a 

major failure occurs. Repair costs can very well triple if, for example, a generator 

is permitted to run to failure - versus a planned replacement of bearings found to 

be worn prior to that same failure. 

Since vibration analysis addresses all moving parts of any type of rotating 

equipment, it can identify not only specific machine faults, but can also simplify 

repairs by identifying the root cause of the problem. Most importantly, vibration 

analysis is capable of identifying problems long before they become noticeable. 

This early warning of emerging equipment faults allows the engineering staff to 

plan for repairs, to order parts, and to conduct those repairs at convenience, 

rather than under emergency conditions. 

Such a predictive and pro-active style of maintenance not only avoids the 

unnecessary high costs involved with emergency repairs, but prevents 

potentially disruptive failures in critical plant operations. 

b) Minimize spare parts Inventory 

The proper implementation of a vibration analysis system allows a reduction in 

spare part inventory, and to establish "Just-In-Time" inventories without adding 
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risk. Parts can then be ordered when problems first arise - instead of maintaining 

an expensive and redundant parts inventory, and without the risk of installing 

new replacement parts whose shelf life may have been exceeded. 

c) Energy savings 

The loss due to wastage attributed to the misalignment and imbalance of rotating 

machines can be saving with energy being converted into heat rather than output 

power. 

d) Other significant benefits 

A thorough vibration analysis program will also provide the following benefits: 

• Transition from "Run to Failure" to pro-active style maintenance 

• Increased operating reliability 

• Increased mean time between failure (MTBF) 

• Elimination or lessen unscheduled equipment downtime 

• Improve maintenance management 

• Lower utility bills 
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