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Final Report on Questionnaire “Experience in Vacuum Pressure Impregnated machines to-date” 

Convenor; Mr. Enzo Tortello (Italy)

Foreword

Vacuum Pressure Impregnation is a very popular insulating technique today not only for motors but also for turbogenerators.
This technique has been used since the middle of the last century, mainly for small and medium size motors. More recently VPI has been extended successfully to large size turbogenerators too.
Such a long period of application makes it possible to try surveying this topic and summarizing important conclusions from this experience.
This questionnaire is mainly devoted and limited to investigating field-experience on VPI treatment of large motors.
As a consequence motors with power ratings of 800 kW and above and voltage ratings of 1kV and higher for power generation and industrial applications are within the scope of the questionnaire.

The questionnaire was answered by Experts from four countries: Australia, Canada, Italy (two different answers) and US.

Questions

Q1. Please indicate your position (Utility, Consultant, Manufacturer, etc.)

Consultant (US), Manufacturers (Italy), Utilities ( Australia and Canada).

Q2. Indicate approximately the number of motors installed in your country and the percentage of VPI motors. If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

In no country there is a central data or body of knowledge to collect the information for all industrial, petrochemical, mining, transportation and utility users. In the US most of motors were manufactured since 1960 have VPI treatment of the stator windings. Most are rated 4,000 V. Some are 6,600 V and some are 13,200 V.
No distinction is made between induction and synchronous motors because the stators are the same: DC motors are little used in these industries.  

Q3. Indicate the main reasons and expectations for choosing VPI motors (technical, economic, others). If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

The major reasons for choosing VPI are mainly economics but also technical. Totally impregnated winding insulation, bonding of coils to the slots, impregnation of all blocking, bracing and wedging materials increases the mechanical strength of the winding against stresses due to vibrations, overloads and short circuits, that the machine can experience. VPI also seals the insulation of the entire coils by eliminating air trapping, filling voids and overcoating, sealing against moisture and chemical pollutants penetration. Heat trasfert for a VPI’d motor cooling is increased too. For high voltage machines (above 6,6 kV), filling voids with a proper resin gives a considerable reduction of the partial discharge activity within the insulation, which could lead to a premature failure. From the economics point of view VPI reduces considerably the time of winding the stator core.   

Q4. Do you keep records on availability/reliability of VPI motors? If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

No records are kept on reliability.

Q5. If the answer to question 4 is positive, please give figures ( present values and possible trends) on 
availability/reliability of VPI motors. If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

Not applicable (see Q4).

Q6. If you keep records about VPI motors history/events (see also questions 4 and 5), please list the main factors contributing to failure in order of importance (mechanical, thermal, voltage stress, others). If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

Generally speaking Question 6 did not receive any answer in consequence of Q.  5. Only the two Italian respondants indicated the major factors contributing to failure in order of importance all the same. Both respondants say that electrical stresses is the most important factor while temperature is at the second place of importance for one respondant and mechanical stresses for the other one. Also duty cycles and overheating due to  dirt on windings are mentioned.

Q7. In case of winding failure, is it common practice in your country to repair the motor in situ or is it more frequent to send the motor in suitable workshops (original equipment manufacturer)? Please explain different positions for failure of the complete winding or of a part of it. If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

There is no a general rule for selecting the place where motors have to be repaired, in case of failure. Generally speaking large motors are repaired in situ, because of transportation problems ( time, cost, etc.), if feasible, with appropriate techniques and tools. This approach is very often preferred in case of small failures located in accessible areas of the machine. In the US nearly all failed motors are sent to an electric motor repair facility. Motors 50 hp (37 kV) and under are replaced with new motors and are not repaired unless they have special non standard features. In case of repairs off-situ, qualified repair workshops are preferred. 
In case of damage to the coils, rewinding of the whole motor is preferred rather than localized repair (Italian and US positions).

Q8. With reference to question 7, what is, generally, the time required for VPI motors winding repairing 
in your country? Please explain different positions for failure of the complete winding or of a part of it. If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

Answers are very different and widely spread. Times lasting from one to three weeks, in dependence on the degree of emergency and the extension of the failure, are indicated by the US and the Italian respondants. In case of a complete rewinding roughly 4 weeks are needed for small machines while 16 weeks can be reached in case of larger ones.

Q9. In case of VPI motors what is philosophy for spare parts in your country? If possible, please, categorise your answers for different power and voltage ratings and types of motor (synchronous motors, induction motors, direct-current motors).

 For VPI insulated motors, the spares consist in a complete stator (core plus winding) already impregnated, sometimes mounted in the frame, or in a complete motor. It is common practice to provide spares only in case of  important/critical applications and/or presence of many motors of the same size at the same location. On the other side one Italian manufacturer suggests only green coils to customers. In US it is also a practice to replace older and troublesome motors, possibly before failure.

Q10.Miscellaneous: please give any other comments you wish to make about the advantages and disadvantages of the VPI technique, based on experience in your country, for various power and voltage ratings and types of motors ( 800 kW and more/ 1000 V and above).

VPI is the only sensible way to manufacture medium voltage motors in terms of production costs and motor reliability today.

Disclaimer

This report is issued by CIGRE solely for information purposes. You accept that in providing you with a copy of this report and otherwise communicating with you concerning this report, you use the report at your own risk and CIGRE and any of CIGRE’s members, agents, employees, sub-contractors and any person who has contributed to the content of this report (together referred to as the “CIGRE Parties) shall not be liable to you or any other party for any losses or damages whatsoever arising in connection with this report, whether in contract, tort (including negligence) or otherwise. Nothing in this report shall or may be used in any court of law or other jurisdiction as evidence of the liability or other responsibility of the CIGRE Parties in regard of subject of the report. This report is not intended to constitute advice or a recommendation by the CIGRE Parties to any recipient of this report. You should take your own advice and conduct your own research in relation to the subject of this report. The CIGRE Parties give you no warranty or assurance about the content of this report , nor do any of them accept any responsibility or liability as to the accuracy or completeness of such information. All implied warranties and conditions are excluded, to the maximum extent permitted by law.

This report may not be distributed, reproduced, or used without the express consent of CIGRE.

Enzo Tortello 
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