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Abstract: Reliable operation ofa generator iscritically 

reliant on on the integrity of its stator winding 

insulation.Insulation of machine during its operation is 

subjected to various thermal mechanical and 

environment stresses.These stresses cause deterioration 

to insulation resulting in forced outage of the machine 

and sometimes cause major breakdown.For health 

monitoring of insulation system of rotating machine and 

to assess its residual life,diagnostic tests are conducted 

onstator winding during overhaul/capital maintenance of 

the unit.The diagnostic test result studies give a clue 

about condition of insulation system and corrective 

measure can be planned well in advance to arrest such 

forced outage. In the approach presented in this paper 

integrates the result of diagnostic test into a fuzzy 

membership functions to determine the strategy for 

maintenance of rotating machine. The result of 

diagnostic tests are used as inputs, each having their 

membership functions and output is residual life 

assessment (RLA) . 

Keywords: Rotating machine, Diagnostics tests, 

Insulation, Residual life Assessment (RLA), Fuzzy 

logic, Fuzzy sets, Membership Function. 

 

Introduction: Forced outages of machine in critical 

applications can cost users huge amount of money 

in repair and outage costs.Reliable operation of 

rotating machine depends critically on the integrity 

of thermal, electrical, mechanical and 

environmental stresses.Therefore utilities have a 

keen interest in diagnostic measurements to assess 

the health of machine.Financial condition and 

regulatory constraints have made approval for 

construction of new stations increasingly 

difficultSoextending the life of an existing old plant 

by condition monitoring/diagnostics measurement 

may be a more palatable alternative 

 

Residual Life Assessment: The main objective of 

this residual life assessment is to assess the 

condition of HT motors and achieve the following:  

 To arrest the deterioration in performance  

 To ensure reliable, efficient and safer 

operation of equipment.   

 To regain lost capacity  

 To extend useful life beyond design life and 

save investment on new equipment 

The stator winding is most important component of 

the generator,failure related to stator windings are 

the main reasons for majority of failures in the 

generator. 

[6] 

No single test is sufficient to assess the health 

condition of insulation system .so various 

diagnostics test are conducted on stator winding 

.these test are as following- 

1-Measurement of insulation resistance and 

polarization index 

2-Ten delta measurement of stator winding 

3-Dielectric discharge measurement 

4-Partial discharge measurement  

5-D.C. Hipot step voltage test etc.  
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Fig-1causes of failure in stator winding 

 

 

1-Measurement of Insulation Resistance and 

Polarization Index-The insulation resistance of a 

rotating machine winding is mainly the function of 

the type and condition of the insulatingmaterials 

used, as well as their application technique. In 

general, the insulation resistance varies 

respectivelywith the insulation thickness and 

inversely with the conductor surface area. 

The polarization index is normally defined as the 

ratio of the 10 min resistance value (IR10) to the 1 

min resistance value (IR1) 

The measurement of insulation resistance consists 

of a direct-voltage test and must be restricted to a 

value appropriate to the voltage rating of the 

winding and the basic insulation condition. This is 

predominantly important in the case of small, low-

voltage machines, or wet windings. If the test 

voltage is too high, the applied test voltage may 

over stress the insulation, leading to insulation 

breakdown. Insulation resistance tests are usually 

conducted at constant direct voltages of 500–10 000 

V having negative polarity. Negative polarity is 

chosen to accommodate the phenomenon of electro 

endosmosis. Guidelines for test voltages are 

presented in Table given below. Readings of 

insulation resistance are taken after the test direct 

voltage has been applied for 1 min.[1] 

 

Sl 

No. 

Winding 

rated 

voltage (V) 

A 

 

Insulation resistance 

test 

direct voltage (V) 

1 <1000 500 

2 1000–2500 500–1000 

3 2501–5000 1000–2500 

4 5001–12 000 2500–5000 

5 >12 000 5000–10 000 

 

A- Rated line-to-line voltage for three-phase ac 

machines, line-to-ground voltage for single-phase 

machines, and rated direct voltage for dc machines 

or field windings. 

2- Ten Delta Measurement of stator winding- 

This test is known as dielectric dissipation factor 

measurement. Tan delta may be defined 

as the measurement of the cosine of the phase angle 

or the sine of the loss angle. It is mainly the 

measurement of the leakage current through the oil, 

which in turn is a measure of the pollution or 

weakening of the oil. The oil is non-polar and most 

contaminants are polar, enabling a dipole action, 

which this test depends upon. A normal degree of 

purifying will result in a poor value for the power 

factor. The presence of pollutant such as engine oil 

will easily be detected with this parameter.[2] 

3-Dielectric Discharge Measurement 

The dielectric discharge (DD) test also known as the 

re-absorption current test ,isperformed by 

measuring the current during dielectric discharge of 

the equipment being tested. 

As all the three components of the 

current(capacitance charging current,polarization 

current and leakage current) are present during a 

Normal deterioration 
with age
Poor Ventilation/ 
Cooling
Aggressive chemicals

Poor Lubrication

High Vibration

Abnormal Frequency

Abnormal Voltage 

Abnormal Moisture 

High Ambient 
Temperature 
Persistent Overloading

Other 



  
 
 

 
 

15 Alok Richhariya, Anurag Kumar Burman, Dr. R K Jarial 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 1 

January 2017       

standard insulation test, the determination of the 

polarization current may be affected by the presence 

of the leakage current. Instead of trying to measure 

the polarization current during  the insulation test, 

the dielectric discharge (DD) test measures the 

value of depolarization current and the capacitance 

discharging current after the insulation test 

completion. 

The measurement principle is as follows: the 

equipment to be tested is first charged for long 

enough to reach a steadystate(capacitance charging 

and polarization are completed and the only current 

flowing is the leakage current). The equipment is 

then discharged througha resister inside the 

megohmmeter and the current that flows is 

measured. The value DD is calculated using the 

formula 

DD=current after 1 minute/(Test Voltage x 

Capacitance) [7] 

The DD test can identify surplus discharge currents 

occurring when one of the layers of multi-layer 

insulation is damaged or contaminated, a defect that 

may be missed by PI or tan& test.[3] 

Fuzzy logic based approach – 

Fuzzy logic provides mathematical strength to the 

imitation of certain perceptual and linguistic 

attributes associated with human cognition [4]. 

For simplicity and for clear understanding only the 

results of three diagnostics test are taken as inputs 

and RLA as output with each having three 

membership functions. To understand clearly the 

below given technique of RLA multi criteria 

analysis[6] has been selected. For multi criteria 

analysis we have selected the above given three 

diagnostics test as three inputs and RLA as output. 

If then Rules-The following rules have been 

framed to correlate the various inputs among each 

other and correspondingly to get output in 

individual as well as defuzzified crisp average  

Algorithm Proposed-The proposed fuzzy logic 

based approach is designed in such a way that gives 

utility personnel a idea about the condition of 

insulation of rotating machine and at the same time 

informs of the corrective measure to be taken for 

the restoration of its healthy operation and enhanced 

rating  [4-5] 

 

 

 
 

 

Table 3-Criteria for Polarization Index 

 
 

 

Table 4-Criteria for Dissipation Factor 

 
 

 

Table 5-Criteria for Dielectric Discharge

 
 

 

 



  
 
 

 
 

16 Alok Richhariya, Anurag Kumar Burman, Dr. R K Jarial 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 1 

January 2017       

Table6-Criteria for machine health 

 

 

The procedure involved in estimation of RLA based 

on fuzzy logic is described as follows- 

1-Define the inputs and identify the membership 

functions 

2--Define the output and identify the membership 

functions 

3-fuzzy rules are then developed based on the fuzzy 

variables. These rules depend on the results on 

diagnostics tests on stator winding 

4-find the defuzzified or crisp value of the output 

and accordingly take the decision 

 

 

 

 

Mamdani Modal with 3 Inputs and 1 Output 

 

Fig -2 

 

 

Fig 3-Input-1 Polarization Index Plot 

 

Fig 4-Input-2 Dissipation Factor Plot 

 
Fig 5-Input 3-Dielectric Discharge Plot 
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Fig 6-Output –RLA Plot 

 

Fig 7-Fuzzy If-then Rules 

 

Fig8-Rule viewer of Fuzzy Logic tool box 
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Results and Discussion 

In the approach presented in this paper three inputs 

are taken with one output. There is individual 

output for each rule or combination of inputs using 

centroid method. If we take the example of the 

inputs taken in Fig-8 RLA is coming 1.35 which 

according to the table 6 comes in the category of 

REFURBISHMENT. For the different value of 

different diagnostics tests results the value of RLA 

will be different. So the fuzzy logic based approach 

for RLA of rotating machine is presented in this 

paper. The fuzzy inference system used is of 

Mamdani type. It covers about 25 If-then rules. All 

of them will not be applicable at a time to a single 

machine. But depending upon the age and 

performance of the machine a set of rules will be 

applicable and accordingly decision can be taken 

for capital maintenance based on routine repair and 

maintenance schedule. 

 

Conclusion- 

The diagnostic method for the residual life 

assessment of rotating machine has been developed. 

Though in this method we have selected  only three 

diagnostic tests of  stator winding but we can also 

take the result of more number of diagnostic tests, 

for them there will be more number of IF-then rules 

and RLA will be different for that case according to 

rules.  
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