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Abstract 

 

All machinery with moving parts generates mechanical forces during their normal 

operation As mechanical condition of machine changes because of wear, changes in 

operating environment, load variations etc., so do these forces. Generator has one or 

more machine elements that turn with the shaft - e.g. bearings, rotors. In a perfectly 

balanced machine, all rotors run on their true centre-line and forces are equal. 

 

Rotor imbalance will generally be present due to uneven weight distribution or due to 

the imbalance between generated lift and gravity. Combination of these forces with 

stiffness of rotor-support system will determine the vibration level. Vibration profile 

that results from motion is the result of a force imbalance - there is always some 

imbalance in real-world applications. All mechanical equipment in motion generates 

a vibration profile, or signature, that reflect sits operating condition. 

 

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

shafts and other rotors, contact with bearings etc. 

 

Synchronous Generator faults such as mechanical misalignments, rotor imbalance, 

loose bolts, bearing faults and incipient metal fatigues cause to generate abnormal 

identifiable vibrations. 

 

In the research, 

First, the relationship between the generator mechanical faults and the vibration 

harmonic magnitudes are studied for particular machine problems occur previously 

and for that analysis the critical frequencies in the frequency spectrum of the 

synchronous generators are identified by using the Microlog instrument CMVA 60, 

which is a property of the Mahaweli Complex of Ceylon Electricity Board. Then, the 

magnitude ratios of the harmonics at critical frequencies to the fundamental 

component of the vibration profiles are determined from Experiment with using 



  

single phase motor with load coupled which had been used with originated 

mechanical faults, is used for the vibration analysis. 

 

Next, the results obtained from the case studies and the experiment are compared 

with the standards that have been evolved from the past studies and the researches in 

order to determine the feasibility of setting defective levels or standard on the 

vibrations harmonics at critical frequencies of generator faults. Finally, the 

possibility of developing a condition monitoring system to identify mechanical faults 

is investigated for synchronous generators in Ceylon Electricity Board. The results 

can then be extended to indicate the faults at early stage to minimize the unwanted 

long outages, minimize costly rotating failures & reduce maintenance inventory cost. 

 

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

needs of the plant management. 
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Iutroductiou 

1.1 General 

Chapter l 

Chapter 1 

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. 

University of lt1oratuwa Department of Electrical Engineering 



lntroductiou Chapter I 

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. 

Uuiversity of l'vforatuzun Department of Electrical Engineering 2 



Introduction Chapter t 

• 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. 

University of 1\ioratuwn Department of Electrical Engineering 3 



lutroductiou Chapter J 

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. 

University of A1oratuzva Department (~l Electrical Engineering 4 
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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 

University of Moratuwn Department of Electrical Engineering 5 
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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 

University of 1\Jloratuwn Department of Electrical Engineering 6 
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2.1 Monitoring System Outline 

Chapter 2 

Chapter 2 

PROJECT IMPLEMENTATION 

A complete block diagram of the proposed monitoring system is shown in figure 

2.1. At the baseline measurement stage, the Synchronous Generator is equipped 

with an accelerometer for the vibration measurements. 

As described in the next section, instrumentation, above task is done with the 

help of the Microlog CMV A60 instrument, which gives its output as frequency 

spectra. The vibration spectrum is then evaluated to determine critical 

frequencies. 

The critical frequencies (f v,k) ; k=l, 2, 3 .... are defined as those frequencies which 

lie significantly above the noise floor. 

Let, V(fv,k) be the magnitude of the vibration at frequency fv,k. 

The set of ratio constants, m k, is then calculated for each critical frequency, as the 

ratio of present magnitude to the previous magnitude of the vibration. 

m k = V(f v ,k)current I V(f v ,k)previous (2.1) 

Vibration harmonics are scaled by frequency to account for the fact that vibration 

is measured as a velocity. 

The condition monitoring of the generator then involves sampling the 

vibration, calculating its spectrum and then determining the ratio 

constants, m k of critical frequency components of the spectrum. 

The values of m k can be used as an indication for the generator health 

condition. The experimental results and the existing standards can then be 

used as a starting point in defining the limit on m k. 

Uuiversity of Moratuwn Department of Electrical Engineering 7 
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Baseline measurement 
--------~ 

,------------- ----·-----------

Analyse the vibration spectra 
---------

Determine the set of Critical Frequencies 

~~~ 

·~ ... __ ______y ___ ·-

Estimate the vibration magnitudes at Critical Frequencies : 
L_~-- . - . _j 

--------~----- ~--

~~~---=I 
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--- -----"' 
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---~ 
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\~ __ __/ 

____ __j 

No 

Figure 2.1: Block diagram of the proposed system 

University of l\1oratuwa Department of Electrical Engineering 8 



Project lmplemeutation Clrapter 1 

2.2 Instrumentation 
The equipment setup for measuring the Synchronous Generator vibration is 

shown in Figure 2.3. The data collected by the accelerometer is fed to the 

instrument called Microlog CMV A60. Then, by using the Software called Prism 4, 

accompanied by the Microlog instrument is used for analyzing the data. 

2.2.1 The Accelerometer SKF CMSS2200- Data acquisition equipment: 

·-~? ;\n;:dl.:::r 

f'r;; lcaclflq ~:r;·rn<; 

.:-:.C 'WliC 'A,=i ·;:, 

·=r 1 ~::•1 t:hr·1e·J: 

Pa:::0 

··:1 ~·u--tr·-~; S\u~' 

Figure 2.2: Accelerometer 

The piezo-electric accelerometer can be considered the standard vibration 

transducer for machine vibration measurement. The compression-type 

accelerometer, diagrammed in Figure 2.2, was the first type to be 

developed. The principle of operation of this type of accelerometer is 

illustrated as follows. 

The seismic mass is clamped to the base by an axial bolt bearing down on 

a circular spring. The piezo-electric element is squeezed between the mass 

and the base. When a piezo-electric material experiences a force, it 

generates an electric charge between its surfaces. 

When the accelerometer is moved in the up and down direction, the force 

required to move the seismic mass is born by the active element. 

According to Newton1s second law, this force is proportional to the 

acceleration of the mass. The force on the crystal produces the output 

signal, which is therefore proportional to the acceleration of the 

transducer. 

University of l'V1oratzrwa Department of Electrical Engineering 9 
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The frequency range of the accelerometer is very wide, extending from 

very low frequencies in some units to several tens of kilohertz. 

Refer Data Sheet of Accelerometer SKF CMSS2200 in Appendix 1. 

2.2.2 Microlog CMV A 60 and Prism 4 Database 

The vibration monitoring system for the condition monitoring of the 

synchronous generator is governed by the Prism 4 Pro software and the 

data, collected by the instrument, SKF Microlog CMV A 60. Advanced 

signal processing techniques in the Microlog extract the modulating 

frequency and clearly represent the amplitude relationship of modulating 

frequency to the line frequency. 

TachomPtPr SPnsor 

AccPlPromPtPr 

D D 
= 

c===:::J 

Microlog CMV A60 

PRISM4 Software 

Figure 2.3: Data Acquisition System 
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Project lmplemeutution Chapter 1 

Use of the Microlog CMV A60 and the software for monitoring has the 

following advantages: 

• The Microlog, without interrupting the system can perform 

testing on-line. 

• Prism 4 combines mechanical and electrical measurements to 

give the edge to root cause analysis. 

• The analysis needs no mathematical computations since the 

vibration spectrum of displacement, velocity or acceleration is a 

direct output of the prism 4-software where FFT is used. 

Refer Data Sheets of used Vibration monitoring instrument SKF Microlog 

CMVA60 and accessories in Appendix 2 and Data Sheet of Prism 4 

Software in Appendix 3. 

University of l\'1oratrrwo Department of Electrical Engineering 11 
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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 

University of Moratuwa Department of Electrical Engineering 13 



Syttchronous Generator Vibration Monitoring System Chapter3 

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 

University of Moratuwa D epartment of Electrical Engineering 14 
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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. 

Unhwrsity of lVloratuwn 

Angular 

/fl!lr,Jd SOOft 

//~PfnMdK.• 
~:.,..4,/ $haft 

...,. ...,.,.. 1 
1 tiiV 

... QXJal dlrec::b; .. 

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. 

Parallel 

~ 

··~ 

2nd "/H'lllft 

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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i .. . 
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\ /Shaft m(>vement 
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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. 

U11iversity of A!Joratmvn Department of Electrical Engineering 22 

I 



Su /mliWIIS Generator Vi!Jrationl\1ouitoring System 
Ciwptcr 3 

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. 

Uuiversity of 1\Joratuu.Hi 
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Chapter4 

MACHINE MODEL TO VERIFY VIBRATION SPECTRUMS OF 

THE GENERATOR FAULTS 

4.1 Implementation of Machine Model .. 
As shown in theory of the vibration spectrums when a misalignment , imbalance, 

mechanical looseness is present in a shaft or coupling of a generator, the 

frequency spectrum of the vibration will consist of specific frequency 

components with specified magnitudes. 

The case studies of bearing faults also based on the standards and guidelines and 

there is no real observation for verify that results. Therefore, to identify and to 

verify the relationship of machine faults with vibration spectrum it is required to 

carry out an experiment by using machine model with developed faults. 

In the case studies in Chapter 5 it was observed that this relationship of vibration 

spectra with generator faults. Then it is required to verify that relationship, 

constructed in theory was shown to be true with the experimental results. 

It was used a single phase motor with 500rpm to verify these results. This motor 

is initially at healthy condition with coupling and balanced load wheel as shown 

in the Figure 4.1. Then it was tested for misalignment, imbalance and mechanical 

looseness with developed faults. Then vibration spectrums at each of these fault 

condition was analyzed. 

Figure 4.1: The experimental Machine Model 
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Initially, the machine model was tested at healthy condition to obtain velocity 

vibration spectrum of the bearing housing. The obtained vibration spectrum is 

shown in the Figure 4.2. 

In this spectrum it was observed some harmonics that may be due to inherent 

problems or looseness of components of the model. That will not significantly 

effect for testing due to their lower magnitudes. .. 

Figure 4.2: Machine model Vibration Spectrum at Healthy Condition 
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4.2 Imbalance Condition 

Figure 4.3: Machine model Vibration Spectrum at developed Imbalance 

Then machine model was tested for Imbalance condition with using unbalance 

load wheel connected to the motor shaft end. The obtained vibration analysis is 

shown in the Figure 4.3. 

When analyzing and compare these vibration spectrums at healthy condition and 

Imbalance condition it can observe the significant increase of lx amplitude at 

Imbalance condition than healthy condition. This will prove that there is a strong 

relationship of lx vibration amplitude with Imbalance as in the standards and 

guidelines of fault diagnosis. 

4.3 Parallel Misalignment 
~ ..... 

Then machine model was tested for Parallel misalignment by coupling ahci J 

mounting adjustments and vibration spectrum was obtained is shown in Figulie 

4.4 and compare with Figure 4.2 which is at healthy condition. When these two 

instances of spectrums results was analyzed and observed abnormally high 2x 
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frequency component (137% of Fundamental frequency) at the instance of 

parallel misalignment. 

This will prove that there is a relationship of 2x vibration amplitude with parallel 

misalignment of the machine as mentioned in the standards and fault diagnosis 

guidelines. 

Freq 124.9750 
Order 29970 
Amp 0.0617 

j 

Freq ) 33.3450 
Order 4.0014 
Amp 0.0617 

Figure 4.4: Machine model Vibration Spectrum at developed Parallel Misalignment 

4.4 Coupling and Mounting Looseness 

Then machine model was tested for coupling and mounting looseness by loosing 

coupling bolts and mounting bolts and vibration spectrum was obtained is 

shown in Figure 4.5, Figure 4.6 and Figure 4.7 for different looseness conditions 

of coupling and mountings of the model. When these instances of spectrums 

results was analyzed and observed there are a series of several synchronous 

multiples of running speed (range 2x to lOx) and their magnitudes are greater 

than 20% of the lx in spectrum. 
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This will prove that there is a relationship of vibration amplitude patterns with 

mechanical looseness which was observed in case studies and mentioned in 

Standards and fault diagnosis guidelines. 

Harmonic Values 

Freq Amp %of Fund 4 

Fund 8.6 0.3921 
2nd 17.1 0.0793 20.2 
3rd 25.7 0.0875 22.3 
4th 34.2 0.1301 33.2 
5th 42.8 0.0075 1.9 
6th 51.3 0.0465 11 .9 
7th i=;Q Q 0 O'lAQ' QQ T 

Figure 4.5: Machine model Vibration Spectrum at Coupling Looseness 

Single Value 

Freq ,8.1000 
Order 0.9720 I• 
Amp 0.4195 

~~ 

Figure 4.6: Machine model Vibration Spectrum at Coupling Looseness 

University of Moratuwa Department of Electrical Engineering 28 



Machine Model to Verify Vibration Spectrums of the Generator Faults Chapter4 

Figure 4.7: Machine model Vibration Spectrum at Mounting Looseness 

These results can then be compared with the standard values to distinguish 

between a healthy generator and a generator with faults. 

4.5 Comparison of the experimental results with the Standards 

When compared with the VDI 2056 severity level charts & ISO 2372 & in appendix 

5 and 6 and diagnosis chart in appendix 7 the faulty machine categorized is 

compared with the experimental results of above and which is proved to be true 

since it is observed a relationship between the faulty generator diagnosis 

identification in standards with experimental results. 

Since the experimental results seem to follow the ISO and VDI severity charts 

and it can be used as a guide to differentiate between a faulty machine and a 

healthy machine. 

Therefore, we shall conveniently differentiate the severity level charts and guide 

lines in diagnostic tables as the reference for assessing the generator condition. 
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Chapter 5 

CASE STUDY 

Main objective of this case study was to determine the safety limits of the 

vibration spectrum of the Synchronous Generators, at critical frequencies for the 

purpose of identifying the machine problems beforehand. Results of the study 

are then compared with the previous results that have been standardized. 

Correct diagnosis of rotating machinery mechanical faults depends on having 

complete information about the vibration spectral data. Since machines in general 

have three degrees of freedom of lateral motion, good science and logic suggest 

that data from all three axes will provide more information, if we can analyze it 

properly. 

The three orthogonal axes are designated axial, radial and tangential. As 

indicated by the term, the axial is the direction in line with, or parallel to, the 

shaft. Radial and tangential are the two perpendicular axes in the plane of 

rotation. Generally, radial is vertical for a horizontal machine while tangential is 

in the transverse direction. For a vertical machine, radial and tangential are both 

horizontal axes such that radial is toward the center of the shaft and tangential is 

as the name implies. 

The used software can accommodate vibration displacement, velocity or 

acceleration in any unit of measurement; we generally measure machinery 

velocity vibration in V. 

The spectral amplitudes of vibration are compared to average baseline data 

accumulated for each spectral peak from selected past test data for the specific 

machine type. 
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5.1 Measurements & Observations 

5.1.1 Angular Misalignment 

Case 1: Randenigala Unit no 02 Shaft Vibration Analysis 

On 07th May 2003 Randenigala Unit 02 was tested due to abnormally high 

vibration of the shaft. The vibration spectrums were obtained from both axial -
and radial directions. The measured axial velocity vibration spectrum is shown 

in the Figure 5.1. 

After examine the above spectrum details it was suspected that diagnosis could 

be angular misalignment, since lx axial is abnormally high. It was decided that 

this couldn't be rotor imbalance, since lx radial is normal and much lower than 

lx axial. The axial vibration could be due to the rocking motion. The rocking 

motion can cause lx axial vibration to be abnormally high as long as the axial 

amplitudes exceed of average value. This information was sufficient to diagnose 

the fault as an angular misalignment. 

Having studied the above information coupling was suspected. Because it was 

carried out some repairs of the coupling by the maintenance people recently 

before the fault occur. 

Then on 11th June and shaft coupling alignment was checked with a laser tool 

and alignment was properly adjusted. Then the axial velocity vibration spectrum 

was measured again after the repair and that is shown in Figure 5.2. After that it 

was observed shaft vibration is significantly reduced and reduction in axial 

vibration amplitude. 
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Order 1.0050 
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Figure 5.1: Axial Vibration Spectrum of Randenigala Unit 02 Upper Guide Bearing on 
20! n May 07 (Before Repair) 

Single Value 

Freq 13.3500 
Order 1.0050 
.e..mp 0.5540 

L~~~ 
i f' 

FigurL' 5.2: Axial Vibration Spectrum of Randenigala Unit 02 Upper Guide Bearing on 
20(H I une 11 (After Repair) 
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::;.1.2 Parallel Misalignment 

Case 1: New Laxapana Unit 01 Vibration Analysis 

\Jew Laxapana unit no 01 was exhibited high shaft vibration on 1st May 2005 and 

1t was tested for analyze the vibration spectrums. The radial velocity vibration 

spectrums were measured from two directions from downstream side and 

Loading bay. These vibration spectrums are shown in the figure 5.3 and 5.4. 

Harmonic Values 

Freq Amplitude <y;, of Fund. 

Fund 7.125 0.6153 

2nd 14.25 0.8882 144.4 

3rd 21.375 0.1920 31.2 

Table 5.1: New Laxapana Unit 01 Radial Vibration- Downstream 

Harmonic Values 

Freq Amplitude %of Fund. 

Fund 7.125 0.6469 

2nd 14.25 0.5914 91.4 

3rd 21.375 0.1308 20.2 

Table 5.2: New Laxapana Unit 01Radial Vibration- Loading Bay 

The harmonic analysis for vibration spectrum is shown in the Table 5.1 and 5.2. 

By examine these spectrum details it was evident that the data indicates the 

diagnosis could be parallel misalignment, since 2x radial frequencies are 

abnormally high (144% and 91.4%) in both measured directions and also present 

of high 3x. 

Due to above fault symptoms shaft coupling was suspected. Coupling bolts were 

tightened after proper aligned by using a Laser Tool for rectification of the 

problem. Then the Radial velocity vibration spectrum was measured again after 

the repair and that is shown in Figure 5.5. 
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Single Value 

Freq 17.1250 
Order 0.9977 
Amp 0.6469 

Freq 114.2500 
Order 1.9953 
Amp 0.5914 

Chapter 5 

" 

Freq 121.2500 
Order 2. 9755 
.ll.mp 0.1308 

.. , 
Figure 5.3: Radial Vibration Spectrum of New Laxapana Unit 01 Generator Upper 
Bearing Downstream side on 2005 May 01 (Before Repair) 

.~. 
... 

Single Value 

Freq ,7.1250 
Order 0.9977 
Amp 0.6153 

·; ... ·. 

Freq 114.2500 
Order 1.9953 
Amp 0.8882 

Freq 121.3750 
Order 2.9930 
Amp 0.1920 

··~ . "' ·~•c j;:\~!t :;N 

Figure 5.4: Radial Vibration Spectrum of New Laxapana Unit 01 Generator Upper 
Bearing Loading bay side on 2005 May 01 (Before Repair) 
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Single Value 

Freq ,7.1250 
Order 0 9977 
,6,n;p 19410 
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Figure 5.5: Radial Vibration Spectrum of New Laxapana Unit 01 Generator Upper 
Bearing Downstream side (After Repair) 

Case 2: Nilambe unit 2 Bearing on 2003 June 11 

Nilambe Unit 02 was exhibited high vibration on 11th June 2003, on Generator 

bearings & Thrust bearing when load increases from 1 to 1.6 MW. 

So machine vibration spectrum was tested from both axial and radial directions 

and suspected locations of Coupling, Thrust & Guide bearings vibration were 

measured. 

The radial velocity vibration spectrums were measured from two directions from 

downstream side and Loading bay for Guide bearings and Trust bearing. These 

vibration spectrums are shown in the Figure 5.6, 5.7 and 5.8. 

The harmonic analysis for vibration spectrum is shown in the Table 5.3. 5.4 and 

5.5 respectively. 
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'l 
Single Value 

Freq 133.2500 
Order 1.9950 
Amp 0.0371 

Freq 116.7500 
Order 1.0050 
Amp 0.0363 

r . 

.. 

Freq 150.0000 Freq 166.5000 
11 Order 3.0000 Order 3.9900 

l
i Amp 0.0073 Amp 0.0068 I~ • 

\ II . i ~~w~~~~~~ 
Figure 5.6: Radial Vibration Spectrum of Nilambe Unit 02 Bearing 01 Down stream side 
on 2003 June 11 (Before Repair) 

Single Value 

Freq I 16.5000 
0 rder 0. 9900 
Amp 0.1088 

Freq 133.2500 
0 rder 1 . 9950 
Amp 0.0945 

I ,t, 

I 
F req 149.7500 
Order 2.9850 
Amp 0.0772 

I 
~-... v.-~J·-....~....r.,_..~,-.,. ..... 

Figure 5.7: Radial Vibration Spectrum of Nilambe Unit 02 Bearing 01 Loading Bay side 
on 2003 June 11 (Before Repair) 
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• 
Freq 133.3249 
0 rder 2. 0000 
Amp 0.1427 

Single 'lafue 

Freq 116.6624 
0 rder 1 . 0000 
.6.mp 0.1 083 

Freq 149.9873 Freq 183.3122 
Order 3.0000 Order 5.0000 
Amp 0.0316 Amp 0.0169 

i 

Order 4.0000 I Order 6.0000 
Freq 166.6498 • Freq 199.9747 

. Jl . Amp . 0.0180 I. - .0.0167 

,~L.~~_i-~-......,-.J 
_;_: __ ·_ -~~- -r~:-~j» ;~;-.: ·. · -.::,~:t 

Figure 5.8: Radial Vibration Spech·um of Nilambe Unit 02 Trust Bearing Down stream 
side on 2003 June 11 (Before Repair) 

Harmonic Values 

Freq Amplitude 'Yt1 of Fund. 

Fund 16.75 0.0363 

2nd 33.25 0.0371 102.2 

3rd 50 0.0073 20.1 

4th 66.5 0.0068 18.7 

Table 5.3: Nilambe Unit 02 Bearing 01 Radial Vibration- Downstream side 

Harmonic Values 

Freq Amplitude 'Yo of Fund. 

Fund 16.75 0.1086 

2nd 33.25 0.0945 87.0 

3rd 50 0.0772 71.1 

Table 5.4: Nilambe Unit 02 Bearing 01 Radial Vibration- Loading Bay side 
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Harmonic Values 

Freq Amplitude 11!1 of Fund. 

Fund 16.75 0.1083 

2nd 33.25 0.1427 131.8 

3rd 50 0.0316 29.2 

4th 66.5 0.0180 16.6 
-

5th 83.31 0.0169 15.6 

Table 5.5: Nilambe Unit 02 Trust Bearing Radial Vibration- Downstream side 

Arter examine the above spectrum details it was decided that diagnosis could be 

parallel misalignment, since 2x radial is abnormally high and also present of high 

.)'-· It was also suspected there may be mechanical looseness of coupling due to 

present of 3x, 4x, Sx and higher in the radial spectrum. 

After that it was properly aligned the guide and thrust bearing by using laser tool 

and tightened the coupling bolts to rectify looseness fault. After the repair Radial 

velocity vibration spectrum was measured that is shown in Figure 5.9. 
•w•• • 

Single Value 

Freq 116.5000 
Order 0.9900 
Amp 0.3850 

J'\r1 . .,.,.,f.__..,__.....__.__......,_..._....t 1 '..,_..-.-v...-.n. ....... --..-.----,.,._-.._,_---...-______..__,__..,..,..~·~~-~ .... ------~.._ . . . .·. . . . .. :}' ·~ . . . 'Ii·i{·~·".. . ··. ······ .. 

Figure 5.9: Radial Vibration Spectrum of Nilambe Unit 02 Trust Bearing Down stream 
side (After Repair) 
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lase 3: Victoria Unit 2 Vibration analysis 2003 Sep 24 

\ rctoria Unit 2 exhibited high shaft vibration on 24th September 2003, on 

l ,L·ncrator bearings. 

'-,1 1 machine vibration spectrum was tested for suspected Guide bearings and 

wupling from both axial and radial directions and radial vibration spectrum 

\\ hich was obtained for analyze the fault is shown in the Figure 5.10. 

Single Value 

Freq 15.5500 
0 rder 0. 9990 
Amp 0.1704 

Freq 111.1000 
Order 1.9:380 
Amp 0.1815 

F req 122. 2750 
Order 4.0095 
Amp 0.1011 

Freq 116.6500 
Order 2.9970 
Amp 0.0515 

~~ 
-"'' ,,,,.~~1!;}'1:f>"'';V•c' 'i;<c ' 

~- '- 'i 

• 

Freq 127.8250 
Order 5.0086 
Amp 0.0801 

Figure 5.10: Radial Vibration Spectrum of Victoria Unit 02 Lower Guide Bearing on 2003 
Sep 24 (Before Repair) 

Harmonic Values 

Freq Amplitude 1Vt1 of Fund. 

Fund 5.55 0.1704 

2nd 11.1 0.1815 106.5 

3rd 16.65 0.0515 30.2 

4th 22.275 0.1011 59.3 

5th 27.825 0.0801 47.0 
' 

Table 5.6: Victoria Unit 02 LG Bearing Radial Vibration 
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l'he harmonic analysis for vibration spectrum is shown in the Table 5.6. 

,\fter examine the above spectrum details as same logic for the previous example 

1t was decided that diagnosis could be parallel misalignment, since 2x radial is 

abnormally high and also present of high 3x. It was also suspected there may be 

mechanical looseness of coupling due to present of 3x, 4x and 5x in the radial 

\·ibration spectrum. 

After that it was properly aligned the guide and thrust bearing by using laser tool 

and tightened the coupling bolts to rectify looseness fault. Then the Radial 

velocity vibration spectrum was measured again after the repair and one of the 

\'ibration spectrums of that is shown in Figure 5.11. 

Single Value 

Freq 15.5000 
Order 0.9900 
Amp 1.0927 

~Av 

~~~~~~,~~---.~~---~-:;._,..,_,..- __ _.......__.._ __ 

Figure 5.11: Radial Vibration Spectrum of Victoria Unit 02 Lower Guide Bearing (After 
Repair) 
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5.1.3 Imbalance 

Case 1: Nilambe Unit 01 Vibration on OSth August 2000 

'\ilambe Unit 01 exhibited high vibration on 08th August 2000, on Generator 

nearings & Thrust bearing when load increases from 1 to 5MW. 

'-,o machine vibration spectrum was tested from both axi9l and radial directions 

,md having studied these data Coupling, Thrust & Guide bearings were 

-.uspected. 

f he radial velocity vibration spectrums were measured on 08th August 2000 was 

• ompared with previous velocity spectrum of the same machine which was 

• 1btained in January 2000. These vibration spectrums are shown in the Figure 5.12 

.md 5.13. 

I x amplitude on 2000 Aug 08 = 0.5614 

r x amplitude on 2000 Jan = 0.3681 

I xceedance on 1x amplitude = 0.5614-0.3681 

= 0.1933 

" Exceedance than previous = (0.1933/0.3681) x 100 

= 52.5% 

\fter inspected the vibration spectrums amplitudes with previous obtained 

\ ,1lues it was observed that 1x amplitude is abnormally higher than previous 

\ alues and all harmonics are less than 15% of the 1x. Also it was observed that 1x 

<~tnplitude increases with speed up of the machine. 

\fter examine the above spectrum details it was decided that diagnosis could be 

Imbalance of rotor mass, since 1x radial is abnormally high. 

It was decided to inform this rotor imbalance to the OEM for checking and 

'' 1ntinuously monitor the condition of the machine. 
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' 
':' ~~ ',, ' 

Single \1 alue 

Freq 116.6624 
Order 1.0000 
."'.mp 0. 3681 

-' 

Figure 5.12: Radial Vibration Spectrum of Nilambe Unit 01 Bearing on 2000 Jan 24 
(Before Fault) 

Figure 5.13: Radial Vibration Spectrum of Nilambe Unit 01 Bearing on 2000 Aug 08 
(After Fault) 
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1... ase 2: Victoria Unit 01 Vibration analysis on 30th May 2005 

\ rctoria Unit 01 Lower Guide Bearing exhibited high vibration on 30th May 2005, 

· ll 1 Generator bearings & Thrust bearing when the load is increased. 

·,, 1 machine vibration spectrum was tested from both axial and radial directions 

1; 1li having studied these data Coupling, Thrust & Guide bearings were 

--.uspected. 

I he radial velocity vibration spectrums were measured on 30th May 2005 was 

, l 1mpared with previous velocity spectrum of the same machine which was 

li)tained in March 2001. These vibration spectrums are shown in the Figure 5.14 

.md 5.15. 

I,, amplitude on 2001 March = 25.5957 

i \amplitude on 2005 May 30 = 29.1463 

I \ceedance on 1x amplitude = 29.1463- 25.5957 

= 3.5506 

, Exceedance than previous = (3.5506/25.5957) x 100 

=13.9% 

\ tter inspected the vibration spectrums amplitudes with previous obtained 

\.dues it was observed that 1x amplitude is higher than previous value by 

1mund 14% and all harmonics are less than 15% of the 1x. Also it was observed 

t hc1t lx amplitude increases with speed up of the machine. 

1\'. examine the above information it was suggested this diagnosis could be 

rnbalance of rotor mass and decided to closely monitor the machine condition in 

r u ture until obtain corrective action. 
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Single Value 

Freq I 5.6250 
Order 1.0125 
Amp 25.5957 

., 

ltgure 5.14: Radial Vibration Spectrum of Victoria Unit 01 Lower Guide Bearing on 2001 
\ Luch (Before Fault) 

• 
Freq l 5.6250 
Order 1.0125 
Amp 29.1463 

.-/.f"'";-::;------/ 1..'--"--~ 

lr~·.ure 5.15: Radial Vibration Spectrum of Victoria Unit 01 Upper Guide Bearing on 2005 
\ld\' 30 (After Fault) 
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5.1.4 Mechanicallooseness 

The mechanical looseness occurs in machines that has come loose from its 

mounting or machine component or if the fault has developed in the bearing that 

may be worn down the bearing elements or the bearing seat. 

The following case studies were carried out of the generator faults at the with 

abnormally high machine vibration situations to fipd out the reason for that 

vibration. Most of the instances the vibration spectrums indicate abnormally high 

running speed amplitude followed by multiples or 1/2 multiples. Also it can be 

observed these harmonic peaks may decrease in amplitude as they increase in 

frequency. 

These faults can be rectified by proper tightened of the coupling, machine 

mounting or other machine components or replaced the worn down bearing 

elements, seats. 

Case 1: Nilambe Unit 01 vibration analysis 

Nilambe Unit no 01 was exhibited high vibration on 080th August 2000 and it 

was tested for analyze the vibration spectrums. The velocity vibration spectrums 

for bearing 2 and bearing 1 are shown in the Figure 5.16 and 5.17 respectively. 
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Single Value 

Freq 116.6624 
Order 1.0000 
.1\mp 0.0959 

Single Value 

F req 166.6498 
Order 4.0000 
Amp 0.0768 

Freq 199.9747 
0 rder 6. 0000 
Amp 0.0540 

Freq 183.3122 
Order 5.0000 
Amp 0.0607 

Freq 1116.6371 
Order 7.0000 
Amp 0.0576 

F req 149.9873 
0 rder 3. 0000 
Amp 0.0474 

Single Value 

Freq 133.3249 
0 rder 2. 0000 
.1\mp 0.0408 Freq 1133.2996 

Order 8.0000 
Amp 0.0252 

I 
J Freq 1149.9620 

Amp 0.0102 

k~,._ 
-~ ..... ~'.ll-.,_,~~....-'\1 .................... _.,............ .. 1 

·~,vrl~ 
·~tOrder 9.0000 

·~''f.vTvA~r v/"'··.rl·A~ 
; ~ :?~: t~; ';' <• ' '" 

hgure 5.16: Vibration Spectrum of Nilambe Unit 01 Bearing 02 on 2000 Aug 08 
(Before Repair) 

Single Value 

Freq 116.6624 
0 rder 1. 0000 
Amp 0.7581 

Freq 1116.8454 
0 rder 7. 0125 
Amp 0.1179 

Order 2.0000 Order 4.0000 

• 

Freq 166.6498 

Amp 0.1395 

Freq 133.3249 

Amp 0.2211 Freq 1150.1703 
Order 9.0125 
Amp 0.0428 

Freq 1100.1830 
0 rder 6. 0125 
.1\mp 0.1519 F req 149.9873 

0 rder 3. 0000 
Amp 0.1488 

Single Value Single Value 

F req 183.5205 ! F req 1133.5079 
• Order ~ J .. · Order 8.01~5 

·~~-.,JJ>..~~-...J~LJI Amo j~~ 
. . ... ]: c.~: . ']~;r:J:~r . . . . ... '"' . . .. ·~·~.. . 

t 1gure 5.17: Vibration Spectrum of Nilambe Unit 01 Bearing 01 on 2000 Aug 08 
i Before Repair) 
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Harmonic Values 

Freq Ampli. <X) of Fund. 
-

Fund 16.66 0.0959 

2nd 33.32 0.0408 42.5 

3rd 49.98 0.0474 49.4 

4th 66.65 0.0768 80.1 

5th 83.31 0.0607 63.3 
-

6th 99.97 0.0540 56.3 

7th 116.64 0.0576 60.1 

8th 133.30 0.0252 26.3 
-

9th 149.96 0.0102 10.6 
---

Table 5.7: Nilambe Unit 01 Bearing 
02 vibration Harmonic analysis 

Chapter 5 

Harmonic Values 

Freq Ampli. %of Fund. 

Fund 16.66 0.7581 

2nd 33.32 0.2211 29.2 

3rd 49.98 0.1488 19.6 

4th 66.65 0.1395 18.4 

5th 83.31 0.0427 5.6 

6th 99.97 0.1519 20.0 
I 

7th 116.64 0.1179 15.6 

8th 133.30 0.0672 8.9 

9th 149.96 0.0428 5.6 

Table 5.8: Nilambe Unit 01 Bearing 
01 vibration harmonic analysis 

The vibration harmonic amplitude analysis of Bearing 2 and Bearing 1 are shown 

on the Table 5.7 and Table 5.8 respectively. According to these data it can be 

L)bserved there are a series of eight synchronous multiples of running speed 

(range 2x to 9x) and their magnitudes are greater than 20% of the 1x in spectrum 

uf bearing 2. 

Also in vibration spectrum of bearing 1 indicates that majority (range 2x, 3x,4x & 

ox) synchronous multiples of running speeds magnitudes are greater than or 

nearly 20% of the 1x. 

Thus, this diagnosis is clear indication of mechanical looseness of the machine. 

Then it was decided to check and tighten the couplings and bearing mounts to 

rectification of this fault. Then the velocity vibration spectrum was measured 

.~gain after the repair and Bearing No 02 vibration spectrum is shown in Figure 

) 18. 
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i 
S ing\e \i .o\ue 

Freq 116.6624 
Order 1.0000 
.t..mp 0.2348 

Chapter 5 

~,. 
j•to"~-..-...~ ........... v'y............_..~~~; ~~~, ... ~.~"~--~ 

''"' ,· .·;. ~ 

Figure 5.18: Vibration Spectrum of Nilambe Unit 01 Bearing 02 (After Repair) 

Case 2: Victoria Unit 01 vibration analysis 

Victoria Unit no 01 was exhibited high vibration on 16th June 2003 and it was 

tested for analyze the vibration spectrums. The displacement and velocity 

vibration spectrums for LG bearing are shown in the Figure 5.19 and 5.20 

respectively. 
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Single Value 

F req I 5.5000 
0 rder 0, 9900 
Amp W8993 

Freq 116,6250 
0 rder 2_ 9925 
.l>.mp 6_9320 

Freq 111.1250 
0 rder 2_ 0025 
Amp 9,2880 

.. Single '</alue 

Freq 127.7500 
Order 4,9951 
/l.mp 11.3804 

Freq 13R7500 
Order 6_9751 
.l>.mp 1 OA277 

Freq 1312500 
Order 5_9851 
.l>.mp 6_ 71 08 

Freq 122_ 1250 
Order 3_9825 
.l>.mp 9_6622 

Chapter 5 

Single \Ia 

Freq 149_: 
Order R: 
Amp R: 

Freq 144_3750 
Order 7_9876 
.l>.mp 9_ 3816 

~''-==='-~' ,, ~~'---=-------" 
Figure 5.19: Displacement Vibration Spectrum of Victoria Unit 01 Lower Guide Bearing 

on 2003 June 16 (Before Repair) 

Single Value 

F req 15. 5000 
Order 0_9900 
Amp 10523 

Freq 116,6250 
Order 29925 
Amp 0.3620 

Single Value 

F req 138.7500 
Order 6.9751 
Amp 12694 

Freq 127.7500 
Order 4_9951 
.l>.mp 0_ 9921 

Freq 1221250 
Order J9825 
Amp 116716 

Freq 1312500 
Order 5_9851 
Amp 0_7010 

F req 144.3750 
Order 7.9876 
Amp 1 _3079 

J 
1: 

.. ,,; j' 
.__...;-._,.......---A"'~ 

. I 
~~~~) c.....,·~--.'VJ 

,ff J ,ll .. ;_lEX . . ... 

Figure 5.20: Velocity Vibration Spectrum of Victoria Unit 01 Lower Guide Bearing on 
2003 June 16 (Before Repair) 
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Harmonic Values 

Freq Ampli. 1Ytl of Fund. 

Fund 5.5 1.0523 

2nd 11.125 0.3246 30.8 

3rd 16.625 0.3620 34.4 

4th 22.125 0.6716 63.8 

5th 27.75 0.9921 94.3 

6th 33.25 0.7010 66.6 

7th 38.75 1.2694 120.6 

8th 44.375 1.3079 124.3 

Table 5.9: Victoria Unit 01 LG Bearing 
velocity Vibration harmonic analysis 

Chapter 5 

Harmonic Values 

Freq Ampli. %of Fund. 

Fund 5.5 60.8993 

2nd 11.125 9.288 15.3 

3rd 16.625 6.932 11.4 

4th 22.125 9.6622 15.9 

5th 27.75 11.3804 18.7 

6th 33.25 6.7108 11.0 

7th 38.75 10.4277 17.1 

8th 44.375 9.3816 15.4 

Table 5.10: Victoria Unit 01 LG Bearing 
displacement vibration harmonic 
analysis 

The vibration harmonic amplitude analyses of Lower Guide Bearing (LGB) 

\'elocity and displacement vibration are shown in the Table 5.9 and Table 5.10 

respectively. According to these data it can be observed in LGB velocity vibration 

spectrum there are a series of seven synchronous multiples of running speed 

(range 2x to 8x) and their magnitudes are greater than 20% of the 1x in spectrum 

of bearing 2. 

Also in displacement vibration spectrum of LGB indicates that majority (range 

2x, 3x,4x & 6x) synchronous multiples of running speeds magnitudes are nearly 

20% of the 1x. 

So that is clear indication of mechanical looseness of the generator. 

Then it was decided to check and tighten the couplings and bearing mounts to 

rectification of this fault. Then the velocity vibration spectrum was measured 

again after the repair and Lower Guide Bearing vibration spectrum is shown in 

Figure 5.21. 
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T 
Single Value 

Freq ,5.5000 
Order 0.9900 
.6.mp 0.9929 

,"_> 

------'.lL__.~.r-,-_,.. .. ,,,{'._/'Y·-o.A~~~~~-~·. 
' •• '•' ,,. 0 0 • r :, :· : : 0 ~ ;~/}r'' F cf;it;:: 

St, 

Chapter 5 

' '< c,. 

Figure 5.21: Velocity Vibration Spectrum of Victoria Unit 01 Lower Guide Bearing 
(After Repair) 

Case 3: Randenigala Unit 02 vibration analysis 

Randenigala Unit no 02 was exhibited high vibration on 07th May 2003 and it 

was tested for analyze the vibration spectrums is shown in the Figure 5.22. 

According to the spectral data it was found that the cause is the mechanical 

looseness of the machine coupling and it was properly tightened and aligned. 

Then the velocity vibration spectrum was measured again after the repair and 

Trust Guide Bearing vibration spectrum is shown in Figure 5.23. 
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Single Value 

Freq ,3.3750 
Order 1.0125 
Amp 0.3110 

Clwpter 5 

tw 
! ~ I~ 

Figure 5.22: Vibration Spectrum of Randenigala Unit 02 Trust Guide Bearing@ 45 MW 
on 2003 May 07 (Before Repair) 

Single Value 

Freq 13.3500 
Order 10050 
Amp 0.5540 

...... /" .. ,-~-.,.--Ar../'---/'"'V,-,A.'~--"..,.,~"v--..J'..,/'~ .. -<·-./'~~../:. . . . ... ·.· . . .. . . . .... . :~~ ; . . . . . ,.jr . :~.;.~ 

Figure 5.23: Vibration Spectrum of Randenigala Unit 02 Trust Guide Bearing@ 45 MW 
(After Repair) 
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5.1.5 Bearing Defects 

There are many machinery problems that can contribute to bearing failure. The 

most prevalent are excessive load caused by misalignment and/ or imbalance and 

lubrication problems such as lack or improper lubrication, excessive or 

contaminated lubrication. 

The velocity vibration measurements are typically very useful for detecting and 

analyzing low frequency rotational problems such as imbalance, misalignment, 

looseness, etc. 

But bearing defects occurs at much higher frequencies and much lower 

amplitudes bearing defects may not be detectable on its early stages on these 

vibration spectrums. 

Therefore to assist in determining if a machine's problem include a faulty 

bearing, the defect frequencies of the bearing should be calculated and can be 

overlaid on the vibration spectra. 

Then these defect frequencies are aligned with peak amplitudes in the vibration 

spectrum, there is possibility to the bearing defect. 

Case 1: Randenigala Unit 02 Vibration analysis on 28th August 2001 

Randenigala Unit 02 exhibited high vibration on August 2001, on Generator 

bearings & Thrust bearing when load increase. 

So machine vibration spectrum was tested from both axial and radial directions 

and having studied these data Coupling, Thrust & Guide bearings were 

suspected. These vibration spectrums which were obtained at various loads are 

shown in the Figure 5.24, 5.25 and 5.26. 

When analyzing the vibration spectra it was observed much higher frequencies 

with much lower amplitudes and suspected there may be bearing defects. 

Also in vibration spectrum of upper guide bearing indicates that synchronous 

multiples of running speeds magnitudes (2x and 3x) which are greater than or 

nearly 20% of the lx. 
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So that is indication of mechanical looseness of the generator coupling or 

bearings. 

Then it was decided to check and tighten the couplings and bearing mounts to 

rectification of this fault. 

After that upper bearing oil sump was inspected and some metal particles were 

found in the thrust & guide bearing sump. This will ~ause may be a bearing 

seems to have damaged. 

On 2001 September a shear pin failure in the machine has been detected. When 

inspecting this fault maintenance staff have found a piece of wood (4 inch long 

L5 inch diameter approximately cylindrical shape, app 150gm) entrapped in the 

Runner that may caused bearing defects due to coupling misalignment or 

imbalance forces on the shaft. 

Then shaft coupling alignment was checked with a Laser Tool and alignment was 

found perfect and upper bearing was replaced with spare one. The measured 

coupling velocity vibration spectrum after the repair is shown in Figure 5.27. 

I 

Single Value 

Freq 13.2850 
Order 0. 9855 
Amp 0.1495 

Freq 16.6150 
Order 1. 9845 
Amp 0.0638 

Freq ,9.9900 
Order 2.3970 
.ll.mp 0.1 075 

Freq 116.6500 
Order 4.9950 
Amp 0.3164 

~ 
~-

tJ\--lv ~~~~~~ 
A<+P: 

Figure 5.24: Vibration Spectrum of Randenigala Unit 02 Upper Guide Bearing@ 32.5 
MW on 2001 Aug 28 (Before Bearing Replacement) 
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Single Value 

F req I 3. 3300 
0 rder 0. 9990 
P.mp 27.2970 

. m ~~Y 
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hgure 5.25: Displacement Vibration Spectrum of Randenigala Unit 02 Coupling @ 34 
\lW on 2001 Aug 28 (Before Bearing Replacement) 

Single Value 

F req 13.3300 
Order 0.9990 
Amp 0.2855 

" J ~)'~wv~ 
Figure 5.26: Velocity Vibration Spectrum of Randenigala Unit 02 Coupling @ 34 MW on 
2001 Aug 28 (Before Bearing Replacement) 
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Single Value 

Freq 13.3500 
0 rder 1. 0050 
."-mp 0.3912 
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Figure 5.27: Velocity Vibration Spectrum of Randenigala Unit 02 Coupling @ 34 MW 
(After Bearing Replacement) 

Case 2: Ukuwela Unit 01 Vibration analysis on October 2004 

Ukuwela Unit 01 exhibited high vibration on October 2004, on Turbine bearing 

when load increase. 

So machine vibration spectrum was tested from and having studied these data 

coupling and Turbine bearing were suspected. The one of vibration spectrum 

which were obtained is shown in the Figure 5.28. 

After that Turbine bearing oil sump was inspected and some metal particles were 

found in the bearing sump. This will cause may be a bearing seems to have 

damaged. 

So it was decided to replace the bearing after further analysis of the machine 

condition. After the replacement of the Bearing then it was obtained the velocity 

vibration spectrum and Bearing vibration spectrum is shown in Figure 5.29. 
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Single Value 

Freq 15.0000 
Order 1. 0000 
Amp 0.1914 

Freq \ 50.0000 
Order 10.0000 
Amp 0.0941 

II 

II 

"' 

Freq \ 75.0000 
Order 15.0000 
Amp 0.1452 

Chapter 5 

I ~ I .. \J~~~~fi~~lv~ 
Figure 5.28: Vibration Spectrum of Ukuwela Unit 01 Turbine Bearing Bracket on 2004 
Oct (Before Bearing Replacement) 

Single Value 

Freq 15.0000 
0 rder 1. 0000 
Amp 0.2226 

L~~~~~~~ 
: ,; ~·c:)>,~• ~:;~~1 ''' >• "" •• • • ' ' ' '' •"' ·:~j~~( • 

, .. :'.,X::~,:~;, .. 

Figure 5.29: Vibration Spectrum of Ukuwela Unit 01 Turbine Bearing Bracket 
(After Bearing Replacement) 
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Chapter 6 

DISCUSSION 

f he good healthy operating condition of the generator is very much important 

'()r assuring a sound operating system in a power station. 

\1achine vibration analysis is a good method in synchronous generator fault 

, iiagnosis especially when the other monitoring systems such as temperature 

1nalysis are difficult to implement. 

I he experiment showed that the generator vibration spectrum analysis could be 

·ffectively used to detect major mechanical faults such as misalignment, 

:mbalance etc. In the experiment, this result was verified with the theory. 

I he results of the case studies of previous works, experiment and the standards 

. lPrived could be used to determine the fault level of the condition monitoring 

-..vstem which in turn would help to identify and verify the generator problem 

with a minimum interruption to the system operation. 

I he effect of distinguish the specific fault frequencies in the vibration spectra of 

1he SG is a major issue in identifying the faults. The standards for detecting 

-;cheme and the results of the experiment help to build and confirm the 

: elationships between the vibration spectra and faulty condition of machine. 

Advantages of the Vibration monitoring system 

,- No alteration in the machine circuit or shut down is required, as the 

vibration measurement is done at online. 

;,... Analysis is convenient since a particular problem gives similar results 

irrespective of the machine capacity: Standardization gives rise to easy 

Fault recognition. 
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.,.. Both, monitoring and analysis were simple with Microlog instrument, 

which released the burden of calculating FFT vibration components at 

critical frequencies separately. Thus, it ensured the accuracy and 

increased the efficiency of the system. 

"' Very convenient to analysis data since the.Prism 4 software also have 

capability to convert the same spectra in forms of displacement, 

velocity or acceleration. 

Disadvantages 

• Vibration harmonics can result from several different sources in 

addition to the sources that we are interested here such as other 

machine operating in the same vicinity of the tested machine 

• Therefore, these harmonics can be overlooked as machine problems 

and the results sometimes can be misleading. So that, a sudden 

conclusion cannot be made by looking at the vibration spectrum and 

the method of 'Trending' will have to be used instead: testing over 

several weeks or months will confirm if the machine is stable and not 

changing/ degrading. 

• Cannot be used for testing in environment with high temperatures or 

external noise levels. 

• May sometimes not be suitable for detecting some machine faults such 

as the Bearing fault, since the high frequency components appear in the 

vibration spectrum only when the fault is severe and the bearing 

failure, which most of the time can be detected by its noise level. 
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Chapter 7 

CONCLUSION 

Generator vibration acts as an excellent transducer for detecting mechanical 

taults in the Synchronous generator. Spectrum analysis of the generator's 

vibration signal can hence be used to detect a faulty gen€rator without disturbing 

its operation. 

The procedure includes, 

a) Acquiring the generator vibration signals 

b) Performing signal conditioning 

c) Analyzing the derived signals to identify the fault. 

Among the faults detectable from this technique are Synchronous generator's 

angular and parallel misalignments, Imbalance, mechanical looseness, bearing 

defects, etc. 

In this project it shows there is strong co-relation between specific vibration 

spectrum patterns with developing faults of the model. The case study done with 

the various synchronous generators also shows this co-relation of vibration 

spectrums with their faults. 

This technique becomes more useful for trending generator indications, where it 

can be used to find the information required for predictive maintenance. 

Therefore, this highly versatile technology of condition monitoring and fault 

analysis of generator solves the biggest hurdle of any maintenance engineer, i.e. 

to obtain a shut down for testing the machine and 'How long until I need to 

replace or repair the generator?' 
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On-Line 
and the ever versatile Portable 

Data Collection Instruments. 
" economical, and all around 

general purpose sensor. 
" Sensitivity, 100 mV/g to optimize use in 

r 
I 

" bias voltage ot 
elevated temperatures. 

• for 
level for low 
temperatures. 

low noise 
at elevated 

• Meets stringent CE, EMC requirements. 
" Low profile for side industrial accelerometer with captive 

1.00 or M8 x 1.25) 
sealed. 

• Reverse 

Typical Temperature Response 

, Jrr'=·' 

f\ pee 11clrx: 1 

bolts l-16 X 

Typical Frequency Rcspons!: 
'~ ,"-. 
Jl 
~ J 
'~/ 
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Specifications 

DYNAMIC 

Sensitivity: 
Sensitivity Precision: 
Acceleration Range: 
Amplitude Linearity: ~ 

Frequency Range: ' 

Resonance Frequency: 

Transverse Sensitivity: 

ELECTRICAL 
Power Requirements: 

18 

Electrical Noise: ' l' 
Output Impedance: 
Voltaqe Bias: 
Grounding: 

ENVIRONMENTAL 

Vibration Limits: 5CC q f!l'ok 

Shock Limit: ~ 

{ +- _;-

:L, 

Electromagnetic Sensitivity, Equivalent g: 

Sealing: 

PHYSICAL 
Cimc•Jv;ions: 

Weight: 

Connector: 

'r 

·q:··· ~I 

s 

.SKF 

~ I / CE: 
f•Lt h ·p q,,. 

Bnttum V~t>\N 

'C t.J Mating Connector: ~~ 

conncoctor. 

:unnoctCJ:. 

·.) 
; ·l 
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D~~ 

'he ''World's Smartest'' Data Collector 
liSt Got Smarter ... 

c~,, /l 

. Main 
~~~~ Applications 
. IJFiilllii·K•;ttl Ell 
, 2 alancing (Advanced) 

3 :Tracking filter 

4 : Cyclic Analysis 

5 : Current Analysis 

6: Bump Test 

7 : Run Up/Coast Down 

~········· 
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HE MICROLOG CMV. OTM 
4dd' Power, Efficiency and the Expertise 
~l F to Your Reliability Efforts 

1·, 11alyst's dream. Imagine an instrument that not 
ml· dlccts data. and performs standard analysis 
uth : , 1~. but also incorporates on-board intelligence to 
aL·t 1 ~:.'detection. analysis and correction of machine 
'wl· . Ph With a range of new features and functions. 
he' \ l \'A60 otTers the greatest value yet for your 
·c]I, '' I it; inYcstmcnt. Whether you arc new on the job, 
Jr ~~ , :t:-;nn..:d vct..:ran, the CMVA60 is the perfect 
m~t', ·. 1' partner. 

H () l NEW TECH'\IOLOGY 

It nu' lonk the same on the outside, but get a load of the 
JLlt ,, \\ technology inside. While digital signal proccss
ng,, ·ntmucs to provide for clarity and reliability in data 
:olkc 1 ton and processing, a new digital board with 
Kh .il ''-cd programmable logic brings you the utmost in 
,tat · t' the art technology. What this means to you is 
lra d ically enhanced processing speed. unbeatable 
pet:,' mancc. data capacity and analysis flexibility. 

\ !ld the C::v1VA60 is designed with the future in 
mti'. 1 ~,·tting the stage for ongoing enhancements and 

additional application capabilities. Upgrades to the unit 
are easily downloaded to the onboard FLASH memory. 
Simply connect the Microlog to your PC, and download 
the electronic files provided, or sign on to the Internet, 
and download your upgrade right from our web site! 

SKF is serious about utilizing the 
best available technology to povver the 
most advanced Data Collector/ Analyzer 
on the market- rigbt down to the Intel 
processor inside of the \'licrolog. 

A CoMPREHEI'\SIVE SoLUTION 
Virtually all you need to pcrfonn like a 
maintenance superstar is at your finger
tips with the C\1VA60. While competi
tors provide '"teaser" capabilities that 
require the purchase of additional mod
ules or products to actually utilize the 
function. the CMVA60 provides it all in a 
single package. What does this mean to 
you? The power to dramatically improve 

6~1/EH/~~ i~6~ A pl icat 
u~~Coas lA F.t . •E:t!£W; 
Se up 
Review Dat· 

your plant's reliability etforts- well within your budget 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
INCREASII'\G YouR EFFICIE!\'CY 
Enhanced analysis features make in the field analysis 
easy and convenient Improved multi-parameter auto
mation enables the collection of multiple data types for 
the same point vvith a single key stroke, then lets you 
view the first spectrum and band alarms to assess the 
quality of the data collected. A new battery has more 
capacity than ever, enabling you to complete your route 
without interruption. And more than twice the data 
storage and largest standard internal memory in the 
industry arc just the start. 

A ncvv Triax Accelerometer, in combination with the 
SKF Stud Adapter and MARLIN Quick Conncct1

"
1 

Stud, is SKFs fast system setup of positive, prclocatcd, 
prepositioncd mounting surfaces for more accurate axis 
alignment and triaxial data measurement 

NEW APPLICATION WIZARDS! 
The CMVA60 caJTies on the tradition established by the 
CM VA 55 with ·'Wizards''- embedded intelligence which 

.. \ 
'~ -.<~\ 
~ . . >i 
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i\ ' ' 1vith "Wizards"- embedded intelligence 
'C! · · :c:ilitatc critical analysis and correction with 
111 setup effort Intuitive menus and preset 
elL : Lnsure that all of the commands you need for a 
cl · , .tpplication arc conveniently located and 
:~:-,<t'ic with a single keystroke. Wizards make it 
'> 'c~ nuviecs and experts alike to detect. analyze and 
1\', i :nachinc problems. 

"'''' Configuration Wizard is a great time saving 
feature allO\ving storage of up 
to six user-defined application 
configurations. Unique names 
can be assigned to idcnti fy 
each configuration. 

New Run-Up/Coast Down 
and Bump Test Wizards have 
been added to the CMVA60 to 
further enhance your analysis 
power. Measuring shaft 
criticals, and resonance testing 
have never been easier. 

An enhanced Field Bal
ancing Wizard enables a 
beginner to balance a machine 
with minimal training. It also 

J\ '''', fpr greater control and flexibility when per-
~m: tL~ smglc plane and dynamic balancing of mach in
-'· 1\·:·manent storage makes future balancing easier 
d t.:,.'·-T by enabling a user to retrieve information 
1111 y <\ iuus balance jobs, while built in reporting 

l:ty makes it easy to document results. 
\1: ,:,x Current and Cyclic Analysis wizards also add 

''", , , the CVI VA60 package. Easily analyze and 
0111'''' problems like high resistance joints, broken 
tor rs. cracked end rings and blowholes in die-cast 
ot~.·. , A rotor bar condition assessment report diag
'Sc> t ,._, slate of the rotor bar. Or usc the cyclic 

• 1 .. \\ iLard to analyze a range of cyclic time domain 
en:, 11 rccriprocating engines, compressors, stamping 
,:s'~' .md more . 

. ~\ 'k'W Opcra
rlD k~lturc 
akc, r he 
\1\ -\(,0 smart 

Setup 
UP/COAST DOWN PT 

111/01/00 100:r. BNC EXT 01:09:69 
ID:RUN UP,~8A~~/~3a~tp¥own 
D<>sc: 
TIME :fH :08:37 
DATE: IH/O.L/06 

nu ... Speed Mag Phase 
CPM Gs 

1 1265 2.187 -12 
2 1246 2.194 -11 
3 1287 2.2ell2 -11 
4 1326 2.2HJ -.16 
5 1363 2.219 
6 1409 2.229 0 t/01/ee 100:~ 7 1449 2.240 Spd: 2963 s 1489 2.251 Ma<J: 11 .25 9 1527 2.264 1.1.25 1.1') 1565 2.276 

11 1601 2.285 
12 1637 2.299 
13 1677 2.312 
14 1716 2.326 
15 1756 2.341 
1.6 1.793 2.358 

A = UP, v = down, PGUP, PGDH 

111ENU-opt r;:;~;;' 
0 t205 

.181!1 

=1uality programs. A sensor and 0 
:able signal checking feature alerts 
you to cable or sensor problems -186 

.1205 
before data collection begins. The 

MENU-ol'.t.ions 
Microlog's smart screen technology 
automancally accomodatcs for 
changes in lighting and provides for better viewing in direct 
sunlight. And to keep your Microlog running optimally, the 
CMVA60 even reminds you when calibration is due. Another 
benefit to ensure adherence to ISO requirements. Docs a data 
collector get any smarter than this? 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

$ • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

O: 
Ph< 

CFI 

CP 

01/e.l/0~ i00X BNC EXT 03:1 

[1:a::v:~; ~:~c~::t::::;,::N;:: ' 
Overall ~ 54.8 Gs 

Speed. "" 15. 86 Uz 

.lXSpeed. H~q = 49.52 Gs 

P'ha = -92.3 DEG 
. "'_~;~ 

1ou~h to tag the 
l]b·tldl1 of every 
:ta \ :liuc with a 
,er JD and 

nteY'va l . . :>i 
lien >l\lg serial 
tmbcr. Important 
lffaciiitating 
lccaht!ity for 
\0. llhurancc. 
1dphntwidc 
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Q; 
l'ha; 

~-

CPH 

CPM 

LTIMATE ANALYSIS 
\ i:c;o new in the CMVA60 is a downloadable Frequency 
\ nalysis Module which automatically overlays not only 

bearing defect frequencies on a 

BHC EXT ~2:26:31 
COllCClCU specrra, OU[ any UeTCC£ 

f!.SfiR MODE:'RU frequency including unbalance, 42.3el 

,/ \ 
misalignment, looseness and more! 

- This makes identification ofbcaring 

\, and other mechanical/structural 
~~-"'/ 

problems a snap. 
- And only the CMVA60 enables 3:::584 

1~\ 
l__ l'l1/0el HU?lz ~-~ BNC EXT 02 : 30 : 34 

Spd: 2963 Q: 0.508 HODE:Rt 
Hag: 11.25 Pha: 42.30 

6 ___ /~-- 91'r -......... __________ "' 

3584 ,...- \ 

I \ 
ESC-exit. _1 \ 

~ I / 
186 ~~ _.-----'"-

~ 6 

270 
-9.85 

-10 X axis 

HENU-o~'ti~~~8 · 320 'l= 7.570 
ESC exit. 

. : lcctive slmv speed bearing monitoring and analysis as low 
, 0.5 rpm. 

DATA TO DECISION MAKII\'G 
I'RlSM4 for Windows'" softvvare works with the Microlog 
\ vlVA60 to provide an added dimension to your analysis 
· ~·pcrtoirc. Usc PRISM4 for Windows to store, manage and 
i'cTtorm more extensive analysis on collected data. Or link 
·a range of exciting PRISM4 Solutions'" software pro-

'~ rams to perform operating deflection shape analysis, lube-

Ul 

: 19: 16 

oil analysis, remote monitoring and more. PRISM4 

for Factory Suite"' even provides a condition moni
toring interface to enable data to be accessed and 
displayed in a control room environment 

SuPPORT AND CoMMITMENT 

More than ever, the new Microlog CMVA60 is 
backed by SKF's solid reputation for service and 
support. With offices in over 130 countries around 
the globe, SKF provides the products and expe1iise 
to help you achieve significant results from your 
program- right from the stmi. 

Contact your local SKF representative to find out 
more about how the CMVA60 can work tor you! 

THE MICROLOG 

CMVA60 
THE ULTIMATE 

ANALYSIS pARTNER 

ACCELERATION 

ENVELOPL~G 
Early, reliable and accurate detection 

of rolling clement bearing faults 

APPLICATION WIZARDS: 
Embedded intelligence provide step-by

step instructions for perfom1ing critical 

analysis functions. 

• Basic Balancing 

• Advanced Balancing 

• Cyclic Analysis 

• Run-up/Coast-Down 

• Bump Test 

• Tracking }...,ilter 

• Motor Current Analysis 

• Configuration 

Frequency Analysis 
Module: 
Overlay defect frequencies on 

collected spectra to detect: 

• Bearing defects 

•Gearmesh 

• Misalignment 

• Unbalance 

• Looseness 

'-~~ ; ..... /--> 

'~· ~~ 
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~fl/?~ tbJ~u,,, SI(F Condition Monitoring 

Optical Phase Reference Kit 
l~MSS6155 

(( 

Ft.'atures 

• Single pulse per 
revolution TTL 
trigger source 

• Positive and 
negative pulse 
outputs 

• Self-contained 

• Rechargeable 
Batteries 

• Green LED on 
Optical Sensor 
indicates "ON" 
target operation 

f'n1 Optical Phase Reference Kit 
( ( 'A1 SS6155) is the essential tool }or the 
f''l 'active machinery analyst, and is one 
uf \cveral accessories that SKF 
(',•ndition Monitoring recommendsjor 
Wt' with the popular Microlog Portable 
Outa Collector!FFT Analyzer. 

Til, l )ptical Phase Reference Kit extends the 
tu11, 11onality of the Microlog, enabling the 
an,livstto perform a range of crucial analysis 
!u11l !tons including order tracking and 
an,il vsis, synchronous time averaging, and 
ltc!d balancing. A TIL compatible pulse train 
out put derived from its single lens 
ret i(lrcflecti ve optical source enables the most 
cftettive and highly accurate acquisition of 
nh t,,. data. The instmment also facilitates the 

analysis of very slow speed machinery by 
covering a wider usable RPM range. 

The Optical Phase Reference Kit consists of a 
Remote Optical Sensor equipped with a steady 
state DC light source and photodetector, an 
interface module, on-off switch, BNC 
connectors, internal rechargeable batteries and 
a recharger input. A separate 115 or 230 Vac 
plug-in charger module is also supplied. 
Standard camera tripods, user supplied 
mounting brackets or the optional Magnetic 
Holder with Movable Arm (CMSS6156) may 
he used for mounting. 

For more infonnation on how the Optical 
Phase Reference Kit complements your 
predictive maintenance program, please 
contact your local SKF Condition Monitoring 
Representative. 

Cf RTIF!ElJ 
ISU 9001 

U·'(ei'.', "' '- ; :.,·'··· iti........ ~-1 
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( )ptical Phase I~cfcrcncc ](it CMSS6155 

"~I' 1 ·c i t 'j (' ~ t t i •) 11 s 

RPM Range: 1 RPM to 150,000 RPM 

Output Signals: TTL positive inverting 
;1ulse. 0 to 5 volts. TTL negative non
<~lvertlllg pulse. 5 to 0 volts. 

>•ositlvo 
•nverting 

Start 

,.-----, s 
<( .. 

Tape 
(J 

8 5 
'legatlva . 

Non-Inverting Start~ 

0 

0•1tput Impedance: Less than 50 ohms. 

Output Connectors: BNC Connector 

Pulse Width: Determined by size of 
renective marker and rotational speed of 
equipment being monitored. 

Power Source: Four (4) rechargeable NiCad 
· AA" batteries provide up to eight (8) 
11curs of continuous operation. 
~~omplete recharge requires fifteen (15) 
tmurs. 

C~bte Length: 8 feet (2.4 meters) cable 
tram sensor to interface module. 

D1mensions: Remote sensor. 1.00" 
r25.4mm) diameter x 2.80" (71.2mm) 
iong with 8 feet (2.4 meters) cable and 
nounting clamp. 

Ordering Information 

CMSS61 55-0-CE 
Self-Powernl Sensor complete 
wit.h Remote Opt.ical Sensor, 
Mounting Clamp. Interface 
Module, four (4) "AA" NiCad 
Ballcries, 115V Recharger/Power 
Supply, and Rcllcctivc Tape 

CMSS6155-l-CE 
Self-Powered Sensor complete 
with Remote Optical Sensor, 
Mountjng Clamp, Interface 
Module, four (4) "AA"' NiCad 
ilattcrics, 230V Recharger/Power 
Supply, and Reflective Tape 

CMVA55 Micrologs 

CMSS6155-0-W Includes: 
CMSS6155-0, CMSSR2-J5A-l 0, 
;md CMSS6155M 

CMSS6155-l-W Includes: 
CMSS6155-I, CMSSR2-J5A-IO, 
;md CMSS6155M 

CMSSR2-JSA-10 
Interface Cable 

CMSS6155M 
User Manual 

• Not approved for uie in hazardou.~ areas. 

Sensor 
D VIbration D Vibration J Sensor 

CMVA 10, CMVA30* and 
CMVA40 Micrologs 

CMSS615SK-O-CE Includes: 
CMSS6155-0, CMSS6135E, 
CMSS50189, and CMSS6155M 

CMSS61SSK-1-CE Includes: 
CMSS61 55-l, CMSS6l 35E, 
CMSS50189, and CMSS6155M 

CMSS6135E 
Microlog Phase Adaptor 

CMSSS0189 
CMSS6155/CMSS6135E 
Interface Cable 

Accessories 
CMSS T-5 

Reflective Tape for usc with 
Remote Optical Sensor, 5 feet 
( 1.5 meters) Roll x 1/2" 
( 12.7mm) Wide. 

CMSS50401 
25 feet (7.5 meters) CMSS6155 
Interface Module to Oplical 
Sensor Extension Cable. 

CMSS6156 
Magnetic Holder with Movable 
Arm and Remote Optical Sensor 
Attachment Hardware. 

CMSSR2.J5A·1 0 

tl8h care Jws ht!ell raJ..t•n to a.\.\ UN' the 
I --~ ---

_ __tnter~ce Cabi!J_ 
CMSS6155 

• '" v oj thr data uml[!ileJ in thi.< 
1'1,1( ution, SKF does not us.\ume any liahility 

'•-nr.\ or omt~.don\. SKF rcxrrvcs tlu' 
'' ._ i~,- to uJJrr any JWrf t~fthis pu.hlicotion 

1' ,:J~o IIi/ {Jrior notict'. 
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CMVA55 
M1crolog 

------· 

i JcMss50189--
CMSS6135E lnlerface ~ · · 

____ Cable • 
Micro log 

Phase Adapter 

I 

D Battery 
LTJ-~1 ll I·-· ~ 

Charger 

UJU LL.U 
l,.l.lcJ l.Ll.J 

ftH H-lH 
I liCK I Ill 

CMVAtO. CMVA30 
and CMVA40 

M1crologs 

I I 1.' 1 Kn i"'d 10 ~71 Ct•pyri~hl <fl I YY7 by SKF Condiii<Kl Mon11onng. Inc ALL KI(;IJI S RFSEKY Ell 

Interface n 
Module 

,;;. 
-;, 

8 feet :t 
(2.4 mefers) ~ 

Cable ,;;. 
,;;. 

Op·~·D Sensor 

Targel I I 

.'- h F ( 'undition Monitoring Areu Centers Your SKF Condition '\louitoring l{cpn~sentatiYe: 
, ',.,u, arul South Amt-rica 
' 1 Kuflin Road 

" '>1<g<>, California 92123 USA 
·,, pli<>nC i61<J)49fi-J41)() 
·.' ,(,f\1)4% 35.11 

f:uropt, Middlt Fmt, Africa Asia, J'acijic 
Po>~hu' 211'1 I 153 (;u[ Cin·lc. Jmong 
SJIXI CH :t-'llilxunmel Singapore (,2'1610 
·n,e Netherlamh Telephone \+ti51 Rr,l W22 
Tclephone(+JI)41~-6KIHIH FAX\+h5JK(d 3044 
FAX I+ 1ll41X-6KIKI~I 
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S KF Condition Monitoring 

PRISM4 for Windows ™ 

Data Management and A1talysis Software 
Version 1.32 

Description 

l>\TABASE Fn.TERir-<G AM) 

()l'ERYI~G 

' 1 L1hase Filtering allows PRISM4 users 
'filter" their I'RISM4 databases for 

I'<'C:ific POINTs that meet user selected 
,, lcnng criteria. Over 40 filter criteria 

1 available. Examples of filter criteria 
,,, POINT Type, Last Measurement 
\.due, ID and Description text strings. 
'' HNT setup parameters such Full Scale, 

\1.1 x mmrn Frequency and others. 
ltcring criteria can be combined 

,, ~ether for very specific queries. A 
.,,tercd list of POINTs arc the output of 
·1 ''process and this new list of POINTs 
.1 inws very efficient data analysis, 

''porting and maintenance. Database 
f: iter configurations can be stored for 
;.,rn reuse. AllnHxlcs of database 
i·,tmg; hierarchy (standard) and the new 

1' t1ve" ROUTE and Workspace listing 
:·.,des can be filtered. 

· \< TIVE" ROlJTEs AND 

\\ ORKSPACES 

\ctivc" ROUTEs allow full access to 
datll displays, POINT Setups and 
kcporting from a ROUTE. Workspaces 
;m: a new database listing mode that 
ailows users to drag and drop database 
c lcments (Sets, Machines or POINTs) 
t·om a ROUTE or the Plant Hierarchy to 

··workspace" window. Users can name 
anJ store Workspace.~ for later reuse. 
Worksp<Jces provide a convenient way to 
arwlyze, report and maintain small 
numbers of Machine.~ or POINTs of 

'i'lCCial interest. 

"l'cctral Band Alanns can now he 
.,-;sJgned to one or more POINTs at one 
t1rnc. This greatly enhances the user's 
.• hility to usc spectral band alarms as <1 

1•eneral defect detection method. 
\pcctrai Band Alam1s can also he cleared 
!mm a group of user specified POINTs 
w1th one user command. 

PR1SM4 now provides a fully ASCII data 
tmrxnt/exnort feature as well as a full 

MIMOSA CRIS import/export 
functionality. The MIMOSA Export 
feature is a special user option. 

PRISM~ is now YC<Jr 2000 compliant. 

PRISM' fully supports the new 
MARLIN'v data collection system. New 
MARLIN~ POINTs can be created, 
stored and downlo<Jded into the new 
MARLIN~ data collector. Proce:;s and 
overall vibration d<Jta from the 
MARLIN~ can he uploaded, stored, 
displayed and reported on from PRISM'. 

Other important improvements to 
PRISM' include; a new Modify by 
Attribute screen, the ability to delete <Jll 
or a group of FAM frequencies for one or 
more POINTs, improved screen size and 

location defaults as well as new tiling 

options. 

PRISM' for Windows Version 1.32 is 
part of the SKF Condition Monitoring's 
family of Windows based condition 
monitoring products. This family 
includes tl1e PRISM' On-line System and 
the PRISM' Pro Knowledge Based 
System. 

Detailed Features 

GLOBAL SETTINGS 

• System Settings 
- English or Metnc 
- CPM or Hz 

• Spectrum 
- Across Machine Data Traversal 
- Speed Tagging 
- Cursor Micro-manipulation 

(Hannon1c, Sideband, Time Interval) 
- Color Coded Cursor Information 

Boxes 
- Lmear or Log X and Y Scal1ng 
- Auto Scaling, Gnd and Order 

Normalized Frequency Ax1s (On or 
Off) 

- Amplitude Threshold Percentage 
-Waterfall Display Slant Angle Setting 
- Palogram Display Slant Angle 

Setting 
- Dale Range Setting 
- User Selectable Color Settmgs 

• Wmdows Printflr Seluo 

DATABASE 
• Unlimited hierarchical data structure 
• Unlimited data storage per Point, data 

storage depth defined by user 
• Database supports portable data 

collection as well as on-lme monitoring 
system 

• On~ine database structure has three 
areas; 

- Scheduled data 
- Unscheduled data (data in alarm) 
- Archived data (long tenn data 

storage) 
• Machine templates available for rapid 

database setup 
• Data Import/Export functionality 

- Full ASCII (Setups and Data) Import/ 
Export 

- MIMOSA CRIS Import/Export, 
Export is a special option 

- PRISM4 Binary Format Import/Export 
• Network database functionality 

MEASUREMENT TYPES 

• Acceleration 
• Velocity 
• Displacement 
• Enveloping (Ace or Vel) 
• SEE" (Spectral Emitted Energy) 
• HFD (High Frequency Detection) 
• Orbit (Filtered and Unfiltered) 
• Shaft Centerline 
• Smax 
• Volts (AC or DC) 
• Temperature 
• Pressure 
• Flow 
• RPM 
• Current (AC or DC) 
• Logic Level 
• Linear Displacement 
• Counts and Count Rate 
• User Defined Units (Wild Card) 
• MARLIN~ MCD POINT (Vel, Env, Temp) 
• MARLIN~ Inspection POINT (Single, 

Multiple) 
• MARLIN~ Operat1ng Hours 

ALARMING 
• Unique visual alarm status indicators 
• Four (4) alarm levels per POint 
• User definable spectral fault frequencies 

including rolling element bearing 
frequencies via the FrequencyAnal)'sis 
Module funcllonalily 

} -.. :",:~\ 
.• ->I 

;;,:,~ 
::.;·· 

II 

. j 
~~l 



PRISIVI4 for Windows'M Data lVIanagement and Analysis Software Version 1.32 

ALARMING (CONTII.IJED) 

• Overall Level Alarms 
- Danger High 
- Alert High 
-Alert Low 
-Danger Low 

• Overall Forecast Alarm 
• Overall Statistical Alarm 
• Overall Percent Change Alarm 
• Spectral Band Alarms (unl1m1ted) 
• Spectral Envelope Alarm 
• Phase Angle Alarm 

CoMMUNICAtiON 
• MARLIW data collector 
• Mlcrolog (CMVA55, CMVA10, CMVA30, 

CMVMO) 
• Picolog (CMVL 10) 
• Download and Download Funct1ons by 

ROUTE 
• FAM Frequencies Downloadable to 

CMVA55 (firmware 3.80) 
• Downloadable Spectral Band Alarms (up 

to 12 bands per POINT, M1crolog 
firmware 3.22+) 

• Upload Reporting per Route (Standard or 
User Defined Content includmg data 
plots) 

• Manual data entry 
• Full modem support with selectable baud 

rate ( 1200-115200) and COM ports 

DATA DISPLAYS 
• Overall Trend Displays (Single/Overlay) 
• Spectrum Displays (Single/Overlay/ 

Waterfaii/Palogram) 
• Phase Plot (Polar Vector, Mag/Phase 

Trend) 
• Time Domain Displays (Single, Overlay) 
• Shaft Orbit (Filtered, Unfiltered, Smgle 

Orbit, Multiple Orbit Overlay, Mag/Phase 
Trend) 

• Shaft Centerlme (Clearance plot, 
01stance Trend plot) 

• Smax (Polar, Mag/Phase Trend) 
• Event Log 

Display features include: 
• Trend Curve F1t 
• Trend Percent of Full Scale D1splay 
• Extract Spectra/Time from Trend 
• Spectrum Envelope Editing Capab1l1ty 
• Baseline Spectrum Storage 
• User definable Machinery and Beanng 

Fault Frequency Markers (Frequency 
Analysis Module - FAM) 

• Spectrum Post- Processing (integration/ 
differentiation) 

• Extract Trend or Spectrum from Waterfall 
• Extract Spectral Band Trend 01splay from 

Waterfall 

REPORTS 
• Last Measurement 
• Except1on 
• Overdue 
• Upload 
• Set Sta~stlcs 
• Database Setup 
• Route Stat1stics 
• History Reports 
• Quick Reports 

- On Screen Report w1th access to 
data plots, such as trend, spectra 
and time domain 

- Last Measurement, Except10n, 
Overdue 

• Send mports to screen or printer 
• Manipulate reports in a word-processor 

via Wmdows Clipboard 
• Customizable report formats 
• Data Displays can be included in reports 

PRISM• PRo CoNNECTION 
• Interface with PRISM' Pro Knowledge 

Based DiagnostiC system 
• PRISM' Pro capable to go "On-Line" for 

contmuous data collecUon and data 
analysis 

NETWORK OPTION 
• Users can access the on-hne data via 

PRISM' 's network licenses (five, ten and 
fifteen user licenses are available) 

• Compatibility with Novell Netware 3.12, 
Microsoft NT 4.0 Server, Wmdows 95 
Peer to Peer 

GENERAL 
• M1crosoft Windows 95 and NT 4.0 

graphical-user interface with pull--down 
menus, tool bars and icons 

• Multi-tasking environment 
• Ed1t, delete, copy and move commands 

via Mouse 
• On~ine context sensitive Help 
• Supports all M1crosofl Windows 95 or NT 

4.0 compatible printers 
• Complete User Manual 
• One year Support and Maintenance 

Warranty 
• On-s1te Product Tra1ning and System 

Setup Available 
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Hardware Requirements 

RECOMMENDED HARDWARE 

• 166 MHz Pentium Processor or better 
• Microsoft Windows 95, DOS 7.0 
• 32 Mbytes RAM 
• 3 Gbyte Hard Disk Drive 
• 12X CO-ROM 
• H1gh dens1ty 3.5 inch fioppy disk drive 
• Super VGA graphics adapter with 256 

colors, 1 Mbyte RAM 
• High Speed Serial/Parallel Ports 
• HP Laser Jet 5 or HP Desk .Jet Color 
• Backup System: 

Tape: HPT1000 
Zip Drive: Iomega Zip or Jazz Drive 

MINIMUM HARDWARE 

• 100 MHz Pentium Processor 
• Microsoft Windows 95 and DOS 7.0 or 

greater 
• 16 Mbytes RAM 
• 1 Gbyte Hard Disk Drive 
• High density 3.5 inch fioppy disk drive 
• Super VGA graphics adapter with 256 

colors, 1 Mbyte RAM 
• High Speed Serial/Parallel Ports 
• HP DeskJet 
• Backup System: 

Tape: HPT1000 
Zip Drive: Iomega Zip or Jazz Drive 

Ordering Information 

CMSlOO PRISM' for Windows 

CMS200-x PRISM4 for Windows 
Network Authorization 

CMSlSO LMU/MIM Driver 

CMSlOl PRISM' Pro 

Although care ha.< been taken In a.uure the accuracy 
nj the data compiled i11 thi.< publication, SKF doc.! 
nnt a.nun~t• any liahility.for crror.t or omissinn.t. 
SKF re.<el'\'e.< the right to alter any part oj thi.• 
puhlicatirm without prior notice. 

SKF is a registered trademark of SKF USA Inc. 

PRISM' Solutions, PRISM' fur Windows. and PRISM' Pro, 
are trademarks of SKF Cornlition Monitoring, Inc. 

Microsoft is a registered trademark and Windows is a 
trademark of Microsoft Corporation. 

SKF Cnnditiun Munitoring An•a Centers Your SKF Cunditiun Monitoring RcprcsNJta.tivc: 
.\'orth and Soulh Amuica Erm>p~, Middk E<HI, Africa 
4141 Ruffin Road l'nstbus 209t 
<,,m IJicgo, California 92t2J USA 51(XI CB h1ltlx>mmcl 
I ell-phone (f>llf) 496-J41WI llte Netherlands 
F·\X ((d 9) 4% _15.1 I Telcpl1one (+J I) 4 t R-ioKI Rl R 

r AX i + J I \ 41 R 6H I RfXI 

Asia, Pacijic 
15.1 Gul Circle, Jurong 
Singapore 62%10 
Telephone (+{,5) H61 -m22 
FAX (+M\ Rid W44 
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4.p p emli ccs 

Appendix 4 Vibration Sampling Points 

• 
1V 2V 3V 4V 

' I 
I 
I 

0 1

A ~1°\ GENERATOR 

I 
0 1--

\ 
II ~~ 

I 
1H 2H 

3H 4H 

Figure A : Horizontal pump sampling points 

1- Generator non-driven end 
2- Generator Driven End 
3 - Turbine driven End 
4- Turbine Non-driven End 
H - Horizontal 
V- Vertical 
R- Radial 

For a vertically mounted machinery sample positions are taken radially. 

I 
~---- 0:+--.. __ 
I e> 

GENERATOR 1R 

! 

I=~ 
~-~, __ _______j 

2R 

-----~ 
0 I 

3R 

~ 

Figure B: Vertical pump measurement locations 
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Appendix 5 Vibration Standard VDI 2056 

Not Permissible Not Permissible 

Just Tolerable 

Just Tolerable 

Allowable 

Allowable 

Good 

Good Medium machines 

Small machines 15-75kW or up to 

up to 15kW 300kW on special 

foundations 

Group K GroupM 
-------

Not Permissible 

-

Just Tolerable 

Allowable 

Good 

Large machines 

with rigid and 

heavy foundations 

whose natural 

frequency exceeds 

machine speed 

Group G 

45 

11.2 

4.5 

2.8 

1.8 

1.12 

0.71 

0.45 

0.18 

,-.., 

"' 9 
8 
'-' 

c ... 
(.I 
0 -~ ;, 

~ 

Table: Vibration levels 

Uniz,ersity of 1\foratuzua Department of Electrical Eugineering 
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