	STATOR WINDING A1

ADVISORY GROUP A1.02 – Hydro Generators

WG A1.02-5 Generator Stator Winding Stress Grading Coating Problem
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	Scope of work: Experience Update

QUESTIONNAIRE
	



	Company/Entity: TRACTEBEL ENERGIA/ BRAZIL



	Main activity group:

(please check)
	X
	1
	Generator user (owner)

	
	 FORMCHECKBOX 

	2
	Generator Manufacturer

	
	 FORMCHECKBOX 

	3
	Erection, Commissioning, Refurbishment, Maintenance, Consulting

	
	 FORMCHECKBOX 

	4
	Research Centers and Universities

	Address: Rua Antônio Dib Mussi, 366 Centro Florianópolis SC CEP-88015-110



	E-mail:
borgmann@tractbelenergia.com.br

	Contact:
José Carlos Borgmann

	Telephone:  
49-34589130
	Fax: 
XXXX

	You can answer in a “skip if not applicable” basis, but we encourage you to participate in all sections where you feel comfortable to collaborate with this experience update, sharing your experience with the other groups.   If you need extra space, feel free to add annex pages.


	Junction definition:  a transition layer between a semi conductive coating and a stress grading coating on the end winding of a form-wound stator bar or coil; 

Semi conductive coating definition:  a coating applied on the surface of the ground wall insulation of a form-wound bar or coil to prevent partial discharges between the ground wall insulation and the sides of the slot.  This coating is added for a winding with a nominal voltage of 6 kV or above.  It can be a paint or a tape.  It generally ends equally with the fingers of the stator core pressure plates;
Stress grading coating definition:  a coating applied on the surface of the ground wall insulation of a form-wound bar or coil to prevent partial discharges between the ground wall insulation in the end winding region.  This coating is added for a winding with a nominal voltage of 6 kV or above.  It can be a paint or a tape.  The length of this coating varies with the winding nominal voltage.

Stress relief system:  The system that combines both semi conductive coating and stress grading coating together.


	Questionnaire

	1.
General information

	1.1
How many hydro-generators your fleet counts?


23 



	1.2
Hydro-generators fleet description? (Number and MVA) 


7 kV and below 


      between       MVA and       MVA 


Between 13,8 kV and 7 kV

11       between 1940   MVA and       MVA


Between 19,5 kV and 13,8 kV
12       between 4185   MVA and       MVA


Between 24 kV and 19,5 kV

      between       MVA and       MVA


Over 24 kV



      between       MVA and       MVA



	1.3
During your offline maintenance inspections, did you find any signs of stator    
winding stress relief junction degradation? (See pictures, section 1.5)


X - Yes   
 FORMCHECKBOX 
 - No


If your answer is no, then go to section 2.



	1.4
If you answered yes to the last question, how many generators in your company 
are 
affected in each categories?


7 kV and below 


      between       MVA and       MVA 


Between 13,8 kV and 7 kV 

9         between 1669   MVA and       MVA


Between 19,5 kV and 13,8 kV
4         between 1480   MVA and       MVA


Between 24 kV and 19,5 kV 

      between       MVA and       MVA


Over 24 kV



      between       MVA and       MVA



	1.5
Considering the affected generators, what was the maximum voltage in the 1-minute 
hi-pot test applied on the bars (or coils) in terms of Un (rated voltage)?

            In the fied was 2kV + 1, but we do not have informations about the values obtained by the   manufacturer.

	1.6
Fill the blanks at the table of the following page according to the three pictures describing severity of the problem (If possible, indicate the operation time related to the observed scenario, type of winding (bars or coils), type of insulation (global VPI, single VPI, resin rich, etc.) and 
type of stress relief system (taped or painted)).
If possible, in the blanks, answer to the following questions:

· Is there a coat of paint over the grading material?

· Is the ground wall insulation made by VPI (Vacuum Pressure Impregnation) or Resin Rich process?

· Did you have winding failures?

· Precision concerning the location of the observed degradation:

1. coil side surface;
2. between top and bottom bars or coils;

3. between bar or coil sides or edges and ground parts;

4. circumferential line;

5. PDA patterns (specify or PD analysing system); 
5.1. Hydrogenerators – 13,8 kV

5.1.1. 04 Hydrogenerators (04 years, bars, resin rich, type: painted)

 Corona: Severity 1
PS: after 30 years of operation, these Hydrogenerators were modernised due to ozone consequences.  
5.1.2. 02 Hydrogenerators (02 years, bars, resin rich, type: painted)

Corona: Severity 1 and 2.
PS: These generators are in operation for 27 years.
5.1.3. 03 Hydrogeradores (01 year, bars,  single VPI, type: painted)

Corona: Severity 3.
PS: These generators are in operation for 05 years.

5.2. Hydrogenerators – 19 kV

5.2.1. 02 Hydrogenerators (02 years, bars, resin rich, type: painted)

Corona: Severity 1 and 2.

PS: These generators are in operation for 27 years.


	Line-to- line Voltage

	Severity 1
	Severity 2
	Severity 3
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	Description


	White powder (degradation by products) is all around the bars or coils. The junction is completely destroyed.
	White powder is on 50% to 75% of the bar circumference.
	Only paint discoloration or small spots of white powder.

	7 kV and below 


	
	
	

	Between 13,8 kV and 7 kV


	
	
	

	Between 19,5 kV and 13,8 kV

	
	
	

	Between 24 kV and 19,5 kV


	
	
	

	Over 24 kV


	
	
	


	Questionnaire

	 2.
Perception and fault experience 

	2.1
Do you have in your inspection plan a specific item  for the verification of the junction?


X - Yes   
 FORMCHECKBOX 
 - No 

	2.2
Do you think junction degradation is a problem that could reduce the life of the 
stator winding? Please add comments to support your answer?       


X- Yes   
 FORMCHECKBOX 
 - No  
Comments: The junction degradation will result in a voltage gradient increase in this region, which will cause the dielectric rupture of the air with heating generation localized in the insulation and as a consequence causing its thermal degradation.



	2.3 Do you think this will result in premature rewinding due to the presence of ozone?

X - Yes   
 FORMCHECKBOX 
 - No  

	2.4
Did phase to ground fault(s) happened because of junction degradation?

 
 FORMCHECKBOX 
 - Yes   
X- No
       FORMCHECKBOX 
 Don't know?       



If yes, description of the generators:


How many?                kV              
MVA        
   Age       

	2.5
Did phase to ground fault(s) happened near the end of the stator core area?

 
X- Yes   
 FORMCHECKBOX 
 - No
        FORMCHECKBOX 
 Don't know?   


If yes, description of the generators:


How many?      2     kV        13,8 
MVA  194,5 
   Age  7 e 29

	2.5.1
Did this or these generator(s) have a junction degradation problem?

 
X - Yes  
 FORMCHECKBOX 
 - No        FORMCHECKBOX 
 Don't know?       
If yes, how many?      31

	2.5.2
Do you have a junction repair program?

X- Yes  
 FORMCHECKBOX 
 - No  


If yes, please describe your repair procedure 
Removal of the degraded material and recomposition of the original system.


	2.6
Did you observe  thermal degradation without voltage degradation (discoloration 
also on the neutral end of the winding)?

 
 FORMCHECKBOX 
 - Yes   
X - No
       FORMCHECKBOX 
 Don't know?       



If yes, description of the generators:


How many?                kV              
MVA        
   Age       

	2.7
Did you observe  thermal degradation with voltage degradation (white powder on 
high voltage bars or coils and discoloration also on the neutral end of the winding)?

 
 FORMCHECKBOX 
 - Yes   
X- No
       FORMCHECKBOX 
 Don't know?       



If yes, description of the generators:

How many?                kV              
MVA        
   Age       


	3.
Technical Specifications

	3.1
Do you have any technical specifications for junctions inspection done in the 
factory?


X- Yes  
 FORMCHECKBOX 
 - No


If yes, please describe your specifications: Dark Camera

	3.2
Do you have any technical specifications for junctions inspection done at site?


X - Yes  
 FORMCHECKBOX 
 - No


If yes, please describe your specifications: Visual Inspection and Partial Discharges

	4
Information about testing

	4.1
Have you ever heard of factory black out test(s) to verify the quality of the junction?


X- Yes  
 FORMCHECKBOX 
 - No    Where:(Voith Siemens e GE)

	4.2
Do you think that such a test is adequate to detect imperfections in the junction?


 FORMCHECKBOX 
 - Yes  
X - No     Explain: The positive performance of this test in the factory is not reflecting in a good performance in the field

	4.3
Have you ever heard of factory Ultra Violet (U.V.) camera inspection to verify the 
quality of the
junction?


X- Yes  
 FORMCHECKBOX 
 - No      Where:(Voith Siemens e GE)

	4.4
Have you ever heard of black out test(s) done at site to verify the quality of the junction?

X- Yes  
 FORMCHECKBOX 
 - No      Where: Several companies, but only during commissioning comissionamento.

	4.5
Do you think that such a test is adequate to detect imperfections in the junction?


X- Yes  
X - No      Explain: The test is adequated, but not sufficient

	4.6
Have you ever heard of field Ultra Violet (U.V.) camera inspection to verify the 
quality of the junction?


 FORMCHECKBOX 
 - Yes  
X- No       Where: 


	4.7
Do you think that such a test is adequate to detect imperfections in the junction?


 FORMCHECKBOX 
 - Yes  
 FORMCHECKBOX 
 - No       Explain: 

	4.8
According to you, what is the voltage level for factory black out test and U.V. test:


 FORMCHECKBOX 
 - Rated line to ground voltage


 FORMCHECKBOX 
 - Rated line to line voltage applied phase to ground


 FORMCHECKBOX 
 - Other  
 FORMCHECKBOX 
 - Specify:      

 FORMTEXT 
     

 FORMTEXT 
     

 FORMTEXT 
     

 FORMTEXT 
     


	4.9
Voltage level for field black out test and U.V. test:


 FORMCHECKBOX 
 - Rated line to ground voltage

 FORMCHECKBOX 
 - Rated line to line voltage applied phase to ground


 FORMCHECKBOX 
 - Other  
 FORMCHECKBOX 
 - Specify:      

 FORMTEXT 
     

 FORMTEXT 
     

 FORMTEXT 
     

 FORMTEXT 
     

Is it one phase at a time?


 FORMCHECKBOX 
 - Yes
 FORMCHECKBOX 
 - No


If no:
  
 FORMCHECKBOX 
 - Three
 FORMCHECKBOX 
 - Other  
 FORMCHECKBOX 
 - Specify:      

 FORMTEXT 
     

 FORMTEXT 
     

 FORMTEXT 
     

 FORMTEXT 
     

	4.10
Do you require a voltage endurance test (VET) for new windings (like IEEE 1043)?


X - Yes
 FORMCHECKBOX 
 - No


If yes, do you use performance of the junction as part of pass / fail criteria

Specify: 

	4.11
If you don't have any technical specifications on factory testing related to junction 
quality up to now will you specify a black out test in your next specification?


 FORMCHECKBOX 
 - Yes  
 FORMCHECKBOX 
 - No               

	4.12
If you don't have any technical specifications on factory testing related to junction 
quality up to now, will you specify an U.V. inspection test in your next  
specification?


 FORMCHECKBOX 
 - Yes   
 FORMCHECKBOX 
 - No

	4.13
If you don't have any technical specifications on field testing up to now, will you 
specify a black out test in your next  specification?


 FORMCHECKBOX 
 - Yes  
 FORMCHECKBOX 
 No        

	4.14
If you don't have any technical specifications on field testing up to now, will you 
specify an U.V. inspection test in your next specification?

 
 FORMCHECKBOX 
 - Yes  
X- No      


	5.
Future Standard

	5.1
Do you think a guide should be written to define a test procedure?


X- Yes  
 FORMCHECKBOX 
 - No   

	5.2
Do you think a guide should be written to define the specific test voltage?


X - Yes  
 FORMCHECKBOX 
 - No   

	5.3
Do you think a guide should be written to define acceptance criterias?


X - Yes  
 FORMCHECKBOX 
 - No 

	5.4
Would you accept an PD-measurement instead of a black out test or a U.V. test?


X- Yes  
 FORMCHECKBOX 
 - No 


	Canadian Regular Member of SC-A1 XXX

	Convener of Working Group A1.02-5 Rémi Tremblay, Hydro-Québec

Tremblay.remi@hydro.qc.ca



