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I. Introduction 

The questionnaire in question is aimed at assessing the perception and the role of large motors in the field of energy production that is in power plant applications. Answers have been received from 5 countries: Australia (AU), Brazil (BR), Italy (IT), Japan (JP) and Serbia (RS). The number of answering countries is not so large but they cover almost all continents.

II. Questions

Q1. Is the majority of large motors installed in your country produced by national manufacturers or imported?

The motors are generally imported for all the answering countries, with the exclusion of Japan.

Q2. What is usually the importance of the following parameters in selecting large motors?

            Parameter



   Weight/Importance

· initial costs



    ranging from VH (JP) to M (BR, IT)

· life costs



    ranging from H (AU, RS) to M (BR, IT, JP)

· technical parameters/performance
    ranging from H (BR, IT) to L (JP)

· standardisation


    ranging from H ( BR) to L (AU, RS)

· availability/reliability


    ranging from VH(IT, JP, RS) to H (AU, BR)

· impact on environment

    VH for JP; no answer from other countries 

L stands for Low Importance; M for Medium Importance; H for High Importance; VH for Very High Importance.

The answers of the not mentioned countries are within the indicated range.

“Availability/reliability” seems the most important parameter. 

Q3. In what type of power plants ASDs find application:

            Type of PP



    Weight/Importance

· conventional thermal PP

    VH for IT and  L for JP
· gas PP (open cycle, cc)

     M for IT and L for JP
· geothermal PP


     L for JP
· nuclear PP



     H for BR and L for JP
· hydro PP



     M for IT 

L stands for Low Importance; M for Medium Importance; H for High Importance; VH for Very High Importance.

All countries not quoted say that there are no applications for ASDs in their own countries. In some cases (i.e. AU and RS) the use of fluid couplings is preferred rather than ASDs for conventional  thermal P.P.s and gas P.P.s.

As a result it is worthwhile saying that use of ASDs in P.P.s is less common than expected all over the world.

Q4. What is the weight of large motors in availability/reliability of power plants?

Type of PP




Weight/Importance

· conventional thermal PP

     VH for JP and H for AU, IT and RS
· gas PP (open cycle, cc)

      ranging from VH (JP) to M (IT)

· geothermal PP


     VH for JP
· nuclear PP



      M for BR and VH for JP
· hydro PP


                  VH for JP and L for IT and RS 

L stands for Low Importance; M for Medium Importance; H for High Importance; VH for Very High Importance.

Excluding Japan for which the large motors availability/reliability has the maximum rate for whatever kind of power plants, by other countries motors are considered important for availability/reliability only in conventional thermal and gas power plants.

Q5. What are the most probable reasons for failure in large motors?


Reason





Weight/Importance

     -    mechanical



       Generally H or VH; L only for JP


     -    electrical (including insulation)                  ranging from H (JP) to L (AU and RS)

     -    thermal/ventilation


        L for all countries, excluding RS ( M)

     -    combination



        ranging from M (AU and RS) to L (others)

L stands for Low Importance; M for Medium Importance; H for High Importance; VH for Very High Importance.

The considerations are a little different but the major importance is given by everybody to mechanical reasons, followed by the thermal/ventilation ones.

Q6. What is the most common component affected by failure in large motors?

      Component/part



Weight/Importance

· stator




     ranging from H( BR, JP, RS) to L(AU)

· rotor 




     ranging  from M ( AU, IT, JP) to L(others) 

· structural parts


     ranging from M (BR, IT) to L (others)
      

· auxiliary devices


     ranging from M (BR, IT) to L (others)

· electronics equipment                             ranging from M (BR, IT) to L (others)

L stands for Low Importance; M for Medium Importance; H for High Importance; VH for Very High Importance.

Stator is considered the part mostly affected by failure in a motor. Two countries outlined also the extreme importance of bearings in failure: VH for RS and H for AU.

Q7.  Are duty and failure data usually recorded for large motors?

· by manufacturers (Y/N)

       Positive answer only for BR and JP
· by users (Y/N)


       Positive answer for all countries

Records of failures are usually in the hands of Users’. The practice of recording is not common for Manufacturers.  

Q8. Are failure reports  usually available for large motors?

· c/o manufacturers (Y/N)

       Positive answer only for BR and JP
· c/o users (Y/N)


       Positive answer for all countries

Answers to question 8 are consistent with question 7. AU and RS emphasize the availability of failure reports also c/o repair/rewind shops.

Q9. Are there any recent improvement (design, construction, etc.) to be outlined in the field of large motors?

The general answer is negative. BR outlines that spare motors are sometimes larger than the original ones and modifications on the ventilation casing are provided.

On the other hand RS stresses new design of stator windings, including new end windings tightening system on few old motors supplied in Serbia. In conclusion no break-through is foreseen.

Q10. Are there any possible developments (design, construction, etc.) to be considered for the future in the field of large motors?

No outstanding idea is indicated, only some remarks are given by two answering countries. BR is still afraid of increasing of dimensions in case of replacement of old motors (see also Q. 9) and RS is in favour of introduction of electronics and its beneficial effect ( i.e. soft-start).   

Q11.  Are there any first-rate repair shops for large motors in your country?

The general answer is positive.

Q12.  What is main policy for failed motors in your country?

The general answer is “to repair”.

Q12.a Repair Vs. replace: quote three typical cases 

III. The answers of some countries are reported almost integrally in the following lines
AU 

There are few reported cases where failed HV motors in the >800kW range have been replaced rather than repaired. Spares philosophy almost universally is to maintain a spare motor for 2 x 50% drives. For 3 x 50% or 2 x 100% drives, some utilities keep spares, but many do not.

Cases reported from typical power stations:

1. Several failures of large HV motors (boiler feed pumps and boiler draft fans) took place in the past. All the motors in question were rewound or repaired, not replaced, for economic reasons.
2. A large (>800 kW) failed motor was not replaced with a new one in the past.  The preference has always been to rewind where it made economic sense to do so.  Having said this, some other motors are approaching the end of life and the view has been taken that replacement of certain motors is economic.  
3. There are many experiences with large motors failing in the country.  To date the failed motors have been swapped with the spare ones and rewound .

BR
Failures are reported in Brazil of motors driving condensate and turbine cooling pumps that were repaired in Brazil. 

Another recorded example is given by a motor for service water that was repaired in the USA.

JP
Rewinding of stator coils and refurbishment of the rotors have been recorded in Japan.

RS
1. There are two cases: a single unit and a couple of the same units in the same power plant. If unit is single, the policy is to keep one spare motor for any 2 x 50% or 1 x 100% drive. If there are 3 x 50%, 6 x 20%, 8 x 12,5%, or similar, the spare motor (in the warehouse) usually do not exist. More precisely, it exists, but installed and ready to go. If there are two or more identical units in power plant, at least one spare motor of every type is kept, even for 3 x 50%, 6 x 20%, etc. in the warehouse. In all these cases, the failed motor is replaced with a spare one, repaired immediately and given back either in the warehouse, or on the site.

2. Originally delivered motors (flue gas fans) had two speeds, and consequently two windings. These motors were unreliable, having many failures, especially on low-speed windings. All these windings were removed, letting only the high-speed windings in the motors, because the need for low speed regime occurred very rarely. The problem was solved.

3. Originally, some motors had end windings not tight enough, which produced many winding breaks, especially during starts. A new winding design was requested, the solution was tested on the first failed motor of such type, and then all broken windings were changed in a row.

Q.12b. Replace vs. repair: quote three typical cases 

AU
There are only two reported cases:

1. In one power station, two large motors were replaced becAUe of severe mechanical damage to the core/shaft etc. The same power station reports that they will probably look at replacing some motors if they fail becAUe of a poor record in rewinding and subsequent reliable operation of the motors for certain items of plant.
2. In one case for a 2 x 100% drive, spare motors were not originally supplied. A spare motor was bought and installed in parallel with the repair of a failed motor, and the repaired motor has subsequently been used as the rotating spare.

BR 

Different cases of failures are reported where new motors were bought for spare:

1. Motors of 2000 HP, 6000 HP, 500 HP for condensate pumps 

2. Motors Feed pump and service water pumps

3. Motors for heater drain and service water pumps.

RS
1. The Users were not satisfied with a significant group of motors (boiler feeding pumps drive), because of inadequate quality and frequent failures. Repairs of those motors proved not to be successful, failures occurs repeatedly. Therefore, it was decided to replace all those motors with new ones, as soon as they failed again. Instead of repair, the User decided in favour of replacement.

2. A group of motors had bearings in external housings. Because of very problematic alignment, differences in air gap often occurred, producing dangerous currents in the motor shafts. Those currents affected very expensive barrel bearings, destroying them in the short time. Even very careful aligning could not provide adequate results. Therefore, replacement of  all such motors with new ones was decided. 

3. When motors become too old, there is no more economical reasons to repair them. More precisely, when consecutive repairs cost too much, the time to replace the motor has come.

Q13. What is the main policy for spares in your country?

· spare motors (Y/N)



      Yes for all countries, excluding JP
· spare stators  (Y/N)



      No for all countries

· spare rotors (Y/N)



      No for all countries

· spare parts (others) (Y/N)  


      Yes for all countries (bearings for JP)

The policy common to all countries is to provide spare motors better than spare stators and/or rotors. Spare parts different from the ones quoted before are get available too (i.e. bearings for JP) 

IV. CONCLUSIONS

Some conclusions may be drawn from the answers to the questionnaire:

1. the most important parameter for selecting motors in P.P.s is availability/reliability (especially in conventional and gas P.P.s)

2. ASDs applications are not so popular as expected in the field of energy production

3. the main reasons for failure in large motors are mechanical

4. the component affected more frequently by failure is the stator

5. records of failure are usually available c/o Users’

6. no significant improvements are present or foreseen in motors

7. repair shops are present almost in all countries

8. Cases of “to repair vs. to replace” are given; generally the criteria for selection are economic.

9. Generally  spare policy suggests the availability of complete motors (better than stators and rotors) but does not exclude the availability of other parts.

From these conclusions it is possible to notice that the approach of Users’ to the motors is typically the one deserved to a commodity. Motors attract the attention mainly when they do not work or do not work correctly.

Another important point is that failure records are in the hands of Users rather than in the hands of Manufactures and feedbacks (probably) are not so frequent.

These are important point to take into consideration in order to finalise whatever activities in the field of investigations to be held by Committees and Working Groups in the future.   

E. Tortello Convenor of AG A1.06: SC A1 - CIGRÉ        Genoa, the 30 of June 2007
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