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1. Abstract 

In 1989 executives of Kansas City Power and Light Company decided that a program to 
determine the remaining life of a coal-fired power plant’s major components would help the company to 
plan its outages and avoid on-line failure of equipment.  As a result, the Life Assessment & Management 
Program (LAMP) was started with the help of an external consultant company.  A part of this program 
required that Turbine Generators would be tested on each major outage to determine the quality of the 
insulation material.  The external consultant recommends stator rewind based on physical inspection, an 
insulation resistance test and DC high potential (hipot) test.  In addition, KCPL decided to undertake on-
line partial discharge testing [1].   As a result of these efforts, the rewind of Montrose Unit 2 stator was 
delayed for 9 years.  This paper describes our experience on PD activities on Montrose Unit 2 from the 
installation of the bus couplers to the time of the stator rewind in the fall on 2003. 
 
 
2. Background 
 

Montrose Unit 2 Generator is rated at 187.5MVA, 22 kV, 3600 rpm.  This GE hydrogen-cooled unit 
went into service September 1960. The stator windings were insulated with asphaltic-mica.  There are 
two other similar generators at the same plant. 
 

Below is the list of major maintenance activities and OE&M recommendations for Unit 2: 
 

1) In 1991, the OEM recommended that the unit have a stator rewind within 12-18 months. This 
recommendations was based on the OEM’s inspection of the physical condition the stator slot 
and the endwinding. The unit was then subjected to DC hipot test @1.25 X rated AC 
maintenance hipot (49 kV dc). The unit passed the DC hipot test and KCPL decided not to rewind 
the unit.   

2) In 1994, again the OEM recommended a generator stator rewind based on visual inspection. 
Again, the unit passed DC hipot @ 1.25 X rated, and the plant decided the unit is suitable for 
service. 

3) In 1994 KCPL reliability engineers installed IRIS 80 pF ‘bus’ couplers to monitor the partial 
discharge of the stator windings.  The PD was initially rated as moderate. 

4) In 1998 KCPL reliability engineers performed another DC hipot test @ 1.25 X rated and declared 
that the unit passed suitability test. They also decided the physical condition is no worse than the 
previous outages. 

5) In  2000, an outside contractor was hired to perform DC hipot and generator inspections. Their 
report indicated continued deterioration of the stator windings. In addition, the wedges were found 
to be loose. The unit was re-wedged. 

6) In 2003 the stator was finally rewound. 
 
 
3. Hipot Testing 
 

After the OEM recommendation in the early 1990s to rewind the generator stator, it was decided 
to perform the stepped-stress DC hipot up to 44 kV and a final 49 kV dc hipot for 1 minute.  No failure 
occurred, thus there was reason to believe that an immediate rewind was not necessary.  Hipot tests 
were also done in 1995, 1998 and 2000 (Figure 1).  In all cases, no failure occurred, thus it was decided 
that an immediate rewind was not necessary. 
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Figure 1.  DC hipot leakage currents in 1995 (blue), 1998 (red, the highest at 44 kV) and 2000 (green, 
and the lowest at 44 kV). 
 
 
4. Unit 2 Partial Discharge Monitoring 
 

To gain greater assurance that a rewind was not necessary after the 1994 hipot, it was decided to 
install a partial discharge measuring system, which can detect many of the causes of stator winding 
insulation failure.  In 1994, two 80 pF capacitive couplers were installed per phase in Unit 2.  Couplers 
were also eventually installed in Units 1 and 3.  By using two couplers per phase, external noise was 
separated from stator winding PD, which enabled KCPL staff to perform and interpret their own PD tests.  
The data was collected every 6 months and trended to monitor the rate of deterioration of the stator 
insulation system.  
 

Figures 2 and 3 shows the trend in the peak partial discharge activity (Qm) in Unit 2, Phase A 
since 1994 for summer and winter operations respectively.  Winter and summer tests are plotted 
separately, since the hydrogen pressure tends to be lower in winter than in summer.  Increasing hydrogen 
pressure decreases the PD activity.  Thus the high-pressure PD readings should not be mixed with the 
low-pressure readings.  Phase A shows stable PD over time, indicating that the rate of insulation 
deterioration is not increasing.  In addition, the Qm of about 90 mV is higher than about 75% of the 2002 
Iris database for a 22 kV machine operating at a 35-psi hydrogen pressure, using 80 pF couplers [2].  
This is considered to be moderate PD activity.   
 

Figures 4 and 5 show the trend in PD activity for Unit 2, Phase B, for winter and summer 
operation.  As for Phase A, the PD is relatively low, and stable over time. 
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Figures 6 and 7 show the PD activity for Phase C.  It is clear that, except for one anomalous 

result in 1994, the PD is stable and low until about 1998.  However, after 1998, there was a significant, 
erratic increase in the Qm.  From the 2D and 3D PD patterns (Figure 8), phase C shows a very high and 
unstable PD activity often with a positive predominance – an indication of loose coils and/or poor semi 
conductive coating, resulting in surface discharges between stator bar and grounded core iron. There 
may also be delamination PD, not unexpected in a 40-year-old asphaltic insulation system.   By 2003, the 
PD during the winter months had a Qm of 400 mV, which is higher than 98% of similar windings in the Iris 
database [3].  This is considered to be very high PD. 
 

The high rate of increase in PD in C phase, plus the recommendation of a third party who 
performed another inspection and hipot test, lead to the decision to rewind Unit 2, after more than 40 
years of service.  The rewind was completed in the fall of 2003. 
 

 
Figure 2 Unit 2 Phase A (Summer) 
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Figure 3 Montrose 2 Phase A (Winter) 

 
 
 

 
Figure 4 Montrose 2 Phase B (Summer) 
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Figure 5. Montrose 2 Phase B (Winter) 

 
 

 
Figure 6. Montrose 2 Phase C (Summer) 
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Figure 7 Montrose 2 Phase C (Winter) 

 
 

 
Figure 8. Pulse phase analysis plot of the PD in Unit 2, Phase C in 2001. 

 
 
5. Unit 1 PD Activity 
 

All three phases in Unit 1 have exhibited relatively low and stable PD since 1994.  Figure 9 shows 
the trend in PD from the worst of the three phases – Phase B (in the winter).  With a Qm just over 100 mV 
in 2003, it has 1/3 the PD of Unit 2.  Clearly Unit 2 is in more needed of maintenance than Unit 1. 
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Figure 9. Unit 1, Phase B (winter) Qm trend 

 

6. PD Data Collected after Unit 2 Rewind 
 

Once the Unit 2 rewind was completed, PD was again measured.  Figures 10-12 show the 
results.  A small decrease in the PD is noted on Phases A and B after the rewind (the last readings from 
the old winding are also displayed).  The decrease in PD after the rewind is most noticeable in Phase C 
(Figure 12).  However, there is a worrisome increase in the PD in the most recent tests.  This has yet to 
be confirmed. 
 
 

 
Figure 10. PD in Unit 2, Phase A since the rewind in 2003. 
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Figure 11: Trend in Qm in Phase B since the rewind. 

 
 

 
Figure 12:   Effect of 2003 rewinding on Unit 2, Phase C 

 
 
7. Conclusion 
 

On-line partial discharge testing is a valuable tool to assess turbine generator stator winding 
insulation.  By trending the test data, gradual aging and many stator winding insulation failure 
mechanisms can be detected before it develops into catastrophic failure. Using available test tools like 
DC Leakage test, EMI, PD, a stator rewind can be planed in advance.  With scarce resources, the 
trending of the PD, with other available stator winding tests, enables rewinds to sometimes be delayed, 
and focuses attention on which machines should be rewound first.   
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In the case of Montrose Unit 2, using the on-line PD test, coupled with visual inspection and 

electrical testing, the plant was able to delay the recommended stator rewind for 9 years, and at the same 
time was able to avoid on-line failure.  The testing also enabled KCPL to continue to delay the rewind of 
Unit 1. 
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