STUDY COMMITTEE   A2
Transformers

DISCUSSION MEETING SUMMARY

(Thursday 2 September 2004)


By J. Aubin, A C. Hall

The discussion meeting was attended by about 300 delegates. Opening of the meeting by the Chairman P. Guuinic who introduced C. Rajotte (CA), the new secretary of the SC A2. The Chairman briefly summarised the A2 activities since 2000, including a review of the strategic direction selected for the Study Committee (Services to Customers and Technology Issues). The chairman also reviewed the works recently completed and the technical brochures that have been released since the last meeting : Life management of transformers (No 227) and Economics of transformer management (No 248). A state of the art on Gas Insulated Transformers was also published in Electra N( 215.

A review of working group activities was then presented by the each convenor : 

JWG A2/A3/B3.21 Electrical environment of transformers  ( M. Glinkowski )

Final report highlights the fact that transformer failures are rare in general but high percentage of unexplained failures remain. A scorecard approach is proposed to facilitate evaluation of the risk factor specific to each application. Creation of a new working group is suggested to set the proper weight values for each risk factor to be considered.

WG A2.20 Economics of transformer management  ( P. Boss )

The work of this WG is now completed. The final report provides guidelines on the evaluation of the economic aspect of several operations : risk management, specification, purchase, operation, maintenance, repair and replacement.

WG A2.26 Mechanical condition assessment ( P. Picher  ) 

This new WG has set three TF to prepare a guide for new users of Frequency Response Analysis (FRA), to compare existing FRA techniques and standardize good practices and to study interpretation tools. 

TF A2.27 Recommendations for monitoring  ( P. Jarman ) 

This new TF looks at existing and developing monitoring systems to seek possibilities of standardisation. A transformer interface questionnaire has been prepared and initial replies received. Work has started on draft recommendations for monitoring facilities.

WG 12.16 Instrument transformers  ( P. Tantin ) 

On behalf of the Convenor, the chairman reported that this WG has now completed a final report covering all aspects of current transformers : design, manufacturing, tests, failure survey, maintenance and diagnostic. The Brochure will be announced soon in Electra.

Due to a lack of time, the following working groups were only briefly reported by the Chairman elect P. Boss ( for more information visit  www.cigre-a2.org  ) :


WG A2.23 Transformer lifetime data management  ( N. Fantana ) 


WG A2.25 Bushing Reliability  ( G. Polovick ) 


WG A2/B4.28 HVDC Converter Transformer  ( M. Saravolac ) 

PREFERENTIAL SUBJECT 1 :

THERMAL PERFORMANCE OF TRANSFORMERS 

The subject was introduced by special reporter J. Declercq by reporting on the activities of WG A2.24. Work has been initiated on the fundamentals of thermal ageing, ratings of new transformers, and the practical applications for in-service transformers.

The main changes taking place in the draft IEC loading guide were highlighted by H. Nordman. The life duration of transformer insulation is now defined, the thermally upgraded paper is recognized, new current and temperature limits are set and a new thermal model has been developed to better represent the transient behaviour of oil temperature under step load change. Third draft of this document is presently in circulation for comments.  

State of the art reports were presented by L. Lundgaard and V. Sokolov on the thermal ageing of power transformers. Oxidation and hydrolysis phenomenon where discussed along with the effects of additives in the cellulose to increase stability of paper under thermal stresses. Practical equations for the evaluation of insulation life duration were presented along with the role of the end of life criteria in this calculation.

Experience with high temperature insulation

Successful experiences on the used of aramid insulation in hybrid insulation systems was reported. The better resistance of Insuldur insulation in regard to normal kraft paper was reported from Norway. It was shown that for two elements operating at the same temperature, lead insulation made of normal kraft was ageing more than twice as fast as winding insulation made of thermally upgraded paper.

Modeling of winding temperature

From contributions from India and France, it appears that both heat transfer and hydraulic friction need to be considered in the calculation of oil circulation. Computer Fluid Dynamic (CFD) is now currently used for detailed study of oil circulation in the intricate paths of winding cooling. One difficulty highlighted by France is the uncertainties regarding the degree of complexity that should be used in the modelisation. Another limitation is the inability of CFD to handle transient conditions. France also reported on the use of CFD to evaluate the error to be expected when winding temperature is measured by inserting a fibre optic temperature sensor in an insulating block located in the oil flow and thus disturbing the oil flow. It showed that an error of several degrees can take place.

Extensive validation of cooling model was reported from Japan where an ODAF transformer was equipped with 145 points of temperature measurement on the winding plus several points on the tank and on the core. Result of tests confirm that a conventional calculation method can be applied as long as the loading factor is within 1.5 pu and as long as due consideration is given to the increase in winding resistance and the reduction of oil viscosity.

A similar experiment was reported from Finland where different flux control devices were tested in overload conditions. Test results indicate leakage flux control is necessary to allow for proper operation especially at overload and that these control devices need to be modelised.

A novel transient thermal model was proposed by Finland where the oil and the windings are represented by separate electrical equivalent circuits comprising non-linear elements to account for oil and winding-to-oil thermal resistances.

Testing

It was recommended by a German manufacturer that at the offer stage or at the time of placing the order, overload expectation should be specified and that an agreement should be reach on the method of measuring or calculating the hot-spot temperature. Experimental work from Finland has shown that there might be a gradient of more than 10K between different locations in the top of a normal transformer winding. Since the location of this hottest spot is not known, it is recommended to that at least 6 fibre optic sensors should be fitted in the last disk of each winding.

It was reported from Serbia & Montenegro that load losses could increase in service due to change in contact resistance. Moreover no-load losses have been observed to increase by as much as 6% over 30 years of service. These finding ensue from in-situ temperature rise tests.

A Canadian utility reported on a practical overload test requirement to meet their summer and winter expected overload profile. The test includes a 1.3 pu load during 24 hours and 1.5 pu load during 3 hours. Acceptance criteria include a limit on DGA during each load period. Out of 30 units tested three failure have been observed either in magnetic shunts, leads or in the core. In a spontaneous contribution it was highlighted that in Australia similar overload tests with limits on the gas generated have been specified since 1995. A concern was expressed from USA to the effect that these overload test may create a bottleneck problem in the test bay and that a variety of limits on DGA can be a problem for the industry. However it was mentioned from Germany that the IEEE HVDC transformer test procedure includes a recommendation for acceptable DGA levels. Another concern expressed by a spontaneous contribution from Austria is the voltage drop to be expected during overload that is often overlooked. 

PREFERENTIAL SUBJECT 2 :

ON SITE OPERATIONS

Special reporter V. Sokolov introduced and conducted this discussion. Twelve papers were received from eleven countries for this Preferential Subject and 23 contributions were submitted in response to Questions 8 to 12 in the Special Report.

In reply to Question 8, France confirmed oil analysis continues to be the foremost source of comprehensive information for monitoring transformer reliability and assessing the end of life condition of aged transformers. Levels of constituent gases, furfurals, moisture and acidity for example, are relied on to determine transformer condition. Maintaining a low moisture and acidity level is a fundamental priority and transformer life can be extended by up to ten years by doing so.

A contribution from Spain drew attention to emerging changes in the behaviour of insulating mineral oil being brought about by changes in oil production processes. High stray hydrogen production in some transformers manufactured in recent years has been observed. There are concerns about the trend in reductions of sulphur compounds in new oils and the consequent effects on transformer condition. It was recommended these and other factors such as copper migration and the effect on dielectric properties and stresses should be investigated.

The Special Reporter’s Question 9, seeking new information about partial discharge measurements, insulation life assessment, novel diagnostic methods and the merits or otherwise about off-line versus on-line monitoring resulted in the highest number of contributions to this Preferential Subject discussion.

A Swedish contributor emphasised the need for calibration and comparable environmental and equipment conditions if comparisons of the potential benefits of either off-line or on-line techniques is to be worthwhile. The paper moisture content derived from the traditional oil/paper/temperature equilibrium curves was not recommended when the oil temperatures were 200C or less.  A German speaker provided a description of an on-line monitor that included gas-in-oil analysis together with moisture, oil temperature and load current measurements. An Italian spontaneous contributor stated that the key to gas monitoring was correlation and suggested this was not always achieved or confirmed. Australia considered on-line diagnostic gas monitoring was not yet technically viable and did not provide results as comprehensive as those obtainable by laboratories. Another speaker categorised on-line monitors as possessing “lagging”, “concurrent” or “leading” capabilities. For example, temperature monitors were regarded as “lagging” because they would be too slow to provide an indication of a fault in a transformer. Partial discharge monitors however, were regarded as “concurrent”. To be classified as a “leading” monitor would require a monitor to have predictive capability. 

Contributions from manufacturers and users from several countries listed a variety of transformer operating parameters that needed to be measured and monitored. They included paper insulation condition, winding and core clamping pressures, oil condition, cooling equipment, bushings and tap changers status.  The control of dynamic problems, the ability to discriminate between thermal, mechanical and dielectric fault-sourced information and trend analysis are, for example, some of the attributes considered necessary for effective on-line monitoring.  Vibration, acoustic and thermo-graphic tools would also be needed to achieve this.  

Based on measurements obtained from nearly 4000 transformers, France concluded there was a correlation between  (CO + CO2) and furfural levels and ageing. No furfurals were detected it was said, in transformers less than 5 years old and no (CO + CO2) levels greater than 300ppm were found in transformers less than 20 years old.

The overall consensus of these presentations was that both periodic and on-line techniques had a valuable monitoring role. The principal factors affecting the choice for one system or the other appeared dependent on the strategic importance of the transformer, its general condition and the economics involved.  Arguments were made for and against each monitoring system but there was universal agreement that regular periodic monitoring was essential in all cases. It was also considered to be necessary part of any transformer condition based maintenance (CBM) programme. However, to cope with possible short-term operational situations, the ideal choice would a viable and technically approved real-time on-line measurement and monitoring system. Because these latter systems are more complex and will very likely include more sensors, more in-service derived information and reports about such systems would be beneficial.  

There were contributions from Brazil, Spain and Germany (2) to Question 10 regarding repairing and testing transformers at site.  The Brazil contribution was based on 12 years experience of transformer site repairs and testing. Brazil considers the obstacles to these site activities are the lack of experience of such tasks, the lack of professional staff and tools to do the work, the lack of a controlled environment in which to accomplish the work, and the lack of high-grade transformer drying equipment and HV test equipment including PD measurement.  Spain confirmed the need for a controlled environment and provided an example of an enclosure that had proved successful on several occasions. 

Another consideration was the means available to move the transformer on to a prepared plinth inside the enclosure. Components to repair the transformer are manufactured at the factory to the same QA requirements as new transformers. After the site repair, the transformers are hot-oil sprayed and vacuum treated. Site tests include HV dielectric tests accompanied by PD measurements using portable test equipment developed specially for site testing. A German manufacturer also confirmed the foregoing and also emphasised the need for specialist professional transformer resources and experts to evaluate the projected work in advance, together with the risks to equipment, personnel and the system especially during testing. Diagnostic tests to detect core and windings faults were also essential in addition to HV proving tests with PD measurements at test voltages at least 1.5 x system highest voltage (Um) and the appropriate test frequency, The second German contribution outlined present proposals in the draft IEC standard 60060-3, concerning equipment, conditions and procedures for HV site testing. 

In summarising contributions to this question, it was clear that whenever a possibility or intention arises to repair or test a transformer at site, users are strongly advised to have available the expert resources for such a task and more importantly, to ensure the original transformer manufacturer is involved from the beginning.  

The success of drying out transformers is dependent on the age of the insulation, the degree of moisture present and the drying process adopted. Manufacturer’s contributions were received from Norway and Japan in answer to questions about these issues (Question 11).  Norway believes other considerations also apply. In particular, the nearness of the transformer site to alternative more effective drying resources, the outage time available to undertake the dry out and the transformer operating temperature if on-line drying is to be employed. This was said to be particularly important when prevailing ambient temperatures are low.  Norway considers the low frequency drying method without oil presents a considerable risk. The heating current should not exceed 50% rated current. The magnitude and rate of winding temperature should be continuously monitored and controlled to avoid local overheating. The drying process should progress in stages, with intervals to permit temperatures throughout the windings to equalise. During these intervals the highest achievable vacuum should be applied. A uniform temperature distribution was said to be the main key for achieving a uniform drying result. Norway also considers service aged transformers already tend to exhibit reduced winding clamping pressures even before drying commences and whenever possible, actions should be taken to improve the condition in conjunction with the manufacturer. The Japanese manufacturer’s contribution advocated a formal service-proven procedure of site assembly and repair that includes newly manufactured replacement parts being treated at the factory, then transported to site in specially designed and prepared containers and erected within a double enclosure designed to maintain a clean and low humidity environment. By this means the humidity of insulated replacement parts should be kept below 50% at the ex-works stage and during the transport and erection stages. A lower humidity level of 40% was recommended when working in the tank.  Japan considers the special transportation tanks and site double enclosure working arrangements are essential prerequisites to successful site repairs. By limiting the variation in moisture content from the factory stage right through to completion of the degassing process, to as little as 0.03%, the need for site drying out is reduced.  

Five submissions were received in reply to Question 12, two from Norway and one each from Australia, Germany and Spain.  Norway considers low molecular acids are important agents in ageing and can be detected by water extraction and titration methods. The hydrophobic low molecular acids content of service aged oils in Norway was reported to be between 10% to 30% and their presence in paper was considered to be 100 times more hazardous than in oil. However, it was reported that the cellulose insulation could be improved by Fullers earth treatment. The Australian submission recognised the major contributors to ageing of oil and paper were operating temperature, moisture, acidity and oxygen. Temperatures are resultants of the loading and cooling regimes. Water, acidity and oxygen require off-line or on-line regeneration processing. The results of three different transformer oil treatments were described. In two cases, one involving the on-line oil treatment of a shell type transformer and the other the treatment of a core form transformer, acidity levels of 0.3mg KOH/g were measured. The oil was replaced by Fullers earth regenerated oil. In both these cases the 2-furfural levels (2-FFA) subsequently increased over some 5 – 10 years.

By comparison, in a third example, two core form transformers were each subjected to off-site dry out by hot oil circulation and vacuum treatment. Both were refilled with Fullers earth regenerated oil.  The overall treatment resulted in a long-term reduction in the 2-FFA levels.  A German manufacture reported the removal of a large amount of organic acids, aldehydes and furanic together with humidity had been observed during low frequency drying on-site. The second Norwegian contribution reported on tests on insulation samples from a transformer that had been subjected several times to a Fullers earth treatment. A large reduction in acidity levels, of the order of 50%, had been achieved. Norway also advised that the use of continuous on-line degassing systems could mask the information that could formerly be deduced from regular DGA results. It can be several months before a gassing fault is again observed by DGA analyses. Finally, Spain showed an example to illustrate that by applying appropriate cleansing and reclamation processes it was both technically and commercially feasible to restore a severely contaminated transformer to a “fit for purpose” condition.  

SESSION CLOSE

The A2 Chairman elect, Pierre Boss, briefly summarised his views regarding the future, including “Tutorials”. The 2005 A2 Transformer Colloquium will be organised in Moscow. The A2 will also support the international conference CMD 2006 ( Korea ) focused on Condition Monitoring and Diagnosis.  Full reports on all these activities together with details of future events will be placed on the A2 pages of the CIGRE website (  www.cigre-a2.org  ).

M. Boss also outlined the main aims of the CIGRE Technical Committee and how they had been adapted in the restructuring of the A2 Study Committee rules.

In closing, the Chairman-to-be paid special thanks to Philippe Guuinic, whose term as A2 Chairman ends with the closure of this A2 Session. M. Guuinic has served the Study Committee A2 and the former Study Committee SC12 as both Secretary and Chairman for some twelve years. On behalf of the A2 Committee and Members, and with the applause from everyone present, M. Guuinic was presented with a Swiss music box. In reply, M. Guuinic thanked everyone for their generosity and support throughout his tenure as Secretary and Chairman.

Finally, on his last attendance at a CIGRE Session, Tadeusz Domzalski, Poland expressed his thanks to the A2 Committee and Members for the friendship and support that he had enjoyed over many years as the Polish Regular Member and a CIGRE participant.  

The meeting closed at 17.55
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