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INTRODUCTION

The session opened at 8:45 with approximately 350 delegates attending. Mr. Pierre Boss chairman of SCA2 opened the meeting and welcome participants. The chairman introduced briefly the activities in progress within each working group. The session was closed at 6:00PM.

PREFERENTIAL SUBJECT 1: PERFORMANCE IN SERVICE OF NEW INSULATION SYSTEMS FOR TRANSFORMERS

Five reports by authors from eight countries were chosen from 7 submitted for consideration by A2. The selected reports all referred to aspects of the new insulation systems now available for transformers, mainly the new fluids with flash points and fire points higher than mineral oil, but also SF6 gas and high temperature materials. The liquid insulations referred to are the synthetic or natural esters insulations. These exhibit higher flash and fire points than mineral oil and claim to extend the life of cellulose insulations and have a lower environmental impact.  The PS#1 Special Reporter raised six questions designed to determine and compare the performance of these new insulation systems with conventional mineral oil based systems. 

However, before inviting speakers to present their prepared contributions, two Keynote presentations were made by delegates from Brazil and UK.  

PS#1 - Keynote presentation by M Ragone, Brazil 

Mr Ragone, began by giving an outline of the Brazilian CEMIG electricity network. He continued by reviewing the principal forces such as the environment, the need for an alternative to depleting mineral oil sources, safety, reduced material costs and economic forces in general. He pointed out that increasingly it is becoming obligatory to fill liquid immersed distribution transformers with alternatives to mineral oil. More service related experience of equipment using these alternative insulating liquids is required e.g. operational gains, criteria for DGA, effect on environment , effect of the different products and the effect of working with the new liquids. Mr Ragone advised for these reasons, more intensive studies are needed to monitor transformers in service, particular reactors.  

PS#1 - Keynote presentation by R. Russell (UK) 

Mr Russell is the Convenor of Cigre WG A2-35 established by SCA2 in 2006 to study the use of natural and synthetic ester fluids for transformers insulation and cooling. The WG Scope includes for example, reporting on the physical properties of the liquids, design considerations for transformers utilising ester fluids compared to oil immersed equipments, retro-filling. The WG now comprises international experts in eight TF’s to cover these studies. A draft report is intended soon and a Final Report is anticipated by mid-2009.

Following the Keynote presentations, The Special Reporter invited the authors of the prepared contributions to make their presentations.  

Using a real model that represented a pair of typical winding discs, Japan reported on studies to determine the temperature thresholds when bubbles form in mineral oil liquid insulation systems. In addition to being temperature dependent the bubbling phenomena was also found to be very dependent on the moisture content  e.g. bubbles formed at 1350C when the moisture content exceed 4wt% whereas bubble formation occurs at 1800C when the moisture content is 0.5wt%. The studies also emphasised a significant bubble formation factor is the rate of temperature rise. 

It well known that the quality of ester fluids in terms of their oxidation and moisture levels is less tolerable than mineral oil. A useful table of the respective primary characteristics of a number of ester fluids was presented by the USA, for comparison with those of mineral oil. It was emphasised that whilst the performance of the ester fluids and mineral oil appear directly comparable, the performance of the ester fluids was dependent on them possessing low moisture and low oxygen contents i.e. sealed liquid conservation systems are strongly advised. 

A following contribution drew attention to studies in Sweden concerning the dielectric properties of esters fluids. These particular studies have highlighted a fact that dielectric tests on ester fluids using small gaps between test electrodes are not substantiated when similar tests are performed using large gaps. The different performance was said to be attributed to changes in electric streamer formation and behaviour and knowledge of this effect is necessary to ensure good transformer design. 

A fundamental and significant difference between the physical characteristics of mineral oil and ester fluids is viscosity. The viscosity of ester fluids is some five-times greater than that of mineral oil and consequently this is a significant factor in the proper engineering of the transformer winding cooling system. A German contribution illustrated the different flow patterns that can exist in a zig-zag cooled section of a disc winding due partly to ester fluids exhibiting a higher thermal conductivity as well the higher intrinsic viscosity. It was apparent from the presentation the force required to “drive” ester fluids through the winding oil channels needs to be greater than that for mineral by attention to the winding thermal and hydraulic design or by use of pumps. 

A final contribution on the subject of ester fluid technology was presented by Germany. Three propriety brands of ester fluids together with a sunflower derived oil were listed and the value of their respective physical/chemical properties was evaluated and compared to those of a branded mineral oil for diagnostic purposes. It was stressed that evaluations of different liquids for comparison purposes should not be based on water content (ppm) but instead, on water saturation (relative humidity) as recommended in IEC 60422.    

Information was presented by Korea and Japan concerned several aspects of SF6 gas insulated transformers. In addition to the references regarding the higher dielectric withstand capability of SF6 insulation systems compared to those of mineral oil, the practical value of this latest technology as an economic solution for HV switchgear and large rated transformers was assured. Development and application of SF6 technology continues and includes measures designed to minimise gas volumes and mitigate environmental concerns. Japan described a technology and procedure to obtain SF6 gas samples from equipment. The method involves a gas collection tube for evaluating and directly indicating the gas condition. The presentation included a table of SF6 decomposition gases and their ‘fault indicating” cause. 

Another contribution from Japan concerned maintenance aspects of silicone immersed transformers and specifically, the value of diagnostic gas analysis (DGA) of extracted silicone liquid samples. It was stated predominant H2 and C2H2 constituents indicated a high energy type fault whereas a predominant CH4 concentration indicated a low energy type fault. Similarly, life expectancy could be indicated by the levels of CO2, CO and FFA constituents and used to enable estimates of cellulose paper ageing.

Five spontaneous contributions addressing the PS#1 subject were presented at the end of prepared contribution presentations. The speakers were requested to submit their remarks in writing. These will be published shortly as part of the A2 2008 Proceedings within a few months. 

PREFERENTIAL SUBJECT 2: RELIABILITY AND RISK ASSESSMENT OF TRANSFORMERS IN SERVICE
From the 33 report submitted for A2 consideration, 19 papers were selected.  Discussion of this subject was lead by the Special Reporter M. Foata. 24 prepared contributions were presented and they are summarized below in sequence with the specific question laid down in the Special Report.

PS#2 - Keynote presentation by JP. Taisne (FR) 

The French RTE network comprises 1250 transformers with HV voltage ranging from 400kV to 150kV. The maintenance policy for transformers was briefly presented. The time allowed to replace a failed transformer is limited to 4 months and the number of spare units depends on failure rate and delivery time for new units. Optimum refurbishment strategy would need improvement of aging marker and better determination of residual mechanical withstand. It is felt that maintenance planning could benefit from improved prediction of failure rate increase, better management of humidity and acidity and application of membrane in oil conservators.

Question 2.1and 2.2 related to the life duration that is to be expected from a refurbished unit and the relative cost of such refurbishment.  As reported on the French RTE network, 22% of the power transformers in use are now 40 years old or more and field experience shows a satisfactory behavior for this fleet with a rather small failure rate. Analysis of failure probability indicates that 60% of future failures are expected to arise from accessories such as bushings, coolers, and pumps. Consequently, RTE strategy is refurbishment on site with replacement of accessories without any work on the active parts.

In Poland, the practice is to refurbished medium-power transformers only if the core is made of low-loss steel. Refurbishment is carried out in repair shop at a cost of 25% of the cost of a new transformer.

In Brazil, it is considered that for large transformers refurbishment in factory, with full replacement of windings, provide expected life duration of 40 years at 70% the cost of a new unit. In case of remote locations, several refurbishments have been carried out successfully in the field at a cost of about 60% of a new unit.

Question 2.3 was inquiring on the methods used by utilities to develop reliability data and to improve these data. A Canadian contribution by Hydro Quebec reports that failure mode is extracted from post mortem inspection and improvement of reliability is based on regular DGA and on-line monitoring of dissolved gas. Further improvement of reliability is expected from recent implementation of tap-changers periodic monitoring with vibro-acoustic method and bushing monitoring with leakage current analysis.

Question 2.4 related to the benefit and inconvenience of standardisation of transformer type. With 1250 units in service, RTE in France has been able to deduce inventory of new units to only 15 types. Significant benefits are found in term of substation engineering, maintenance procedure and reduction of spare units. Procurement in large quantity also allows spreading the cost of some special type tests. 

In Spain, Iberdrola Distribution has also found significant benefits in standardising some transformer ratings. For instance there is currently 22 types 220/66kV transformer in service. This will be replaced by a single type in the future. The only inconvenience is the occasional use of a transformer larger than actually needed but this is overcome by reduction of future replacement or transfer among substations. Standardisation of ancillary equipment (in line with European standards and Senelec rules) should bring huge benefits in term of availability and reduction of maintenance cost. 

Another contribution from Spain asserts the need to revise the IEC oil specification in regard to the measurement of water content in oil. The Karl Fisher titration is sensitive to acids and other methods should be considered to assess properly the content of water. Another contribution from Spain stress that effort toward standardisation should not lead to relying on a single supplier.

Question 2.5 raise the issue of specifying only performance as opposed to material or technology and the possible impact of this on reliability. A contribution from France echo the common belief that all manufacturer throughout the world can produce transformers according to the standards (IEC, IEEE or other), but also remind that it is commonly agreed that not all manufacturer offers the same level of quality and reliability. For instance standards do not cover manufacturing process, which can greatly influence the quality of the transformer. It is considered obvious that standards needs to be updated to address new requirements linked to the use of new technology and to strengthen the test procedures.

A joint working group in Brazil has discussed the suitability of upgrading of the transformer specifications, design review practices or even the improvement of standard dielectric tests to make them more severe. It is felt that transformers users should review their specification asking for good performance concerning specific applications such as frequent switching of transformer.

A contribution from Spain stresses the need to address the technology issue and not only the performance. In some cases it appears essential to be more specific in the selection of critical accessories with the objective of reducing failure risk or minimizing the consequences. The most obvious example is bushings that need to be interchangeable between all transformers of a given category. 

A contribution from Japan raises the problem of tank rupture. A method is presented to reduce this risk when the proximity of residential dwelling requires a special design. Improvement of tank rupturing pressure and other countermeasures are discussed. The method presented can be applied either to new transformers or to existing units, especially those located in underground substations.

In response to question 2.6 on condition assessment methods, a contribution from Canada present a novel method of health index evaluation developed by Hydro-Quebec for a given transformer population. The health index is calculated by the use of several data that are all available in information systems:  historic load, failure rate of similar transformer, DGA, oil test, water content, furans, tap changer model and repair history. A factor characterizing the importance of the unit (impact in case of failure) is also applied. Results indicate that health index tends to degrade with age but age alone is a very poor indicator of the transformer condition.

A contribution from Poland reported on a similar method compounding the technical condition of the transformer with transformer importance for system reliability. This method would also consider an evaluation of ageing and winding displacement. Such exercise would allow ranking of transformer in term of priority for refurbishment or replacement.

A contribution from Spain reported on development at Iberdrola of an extensive database that can be consulted for a complete picture of a single transformer or a whole family where the same accessory is suspected of being a potential source of failure. Database could also provide information on data obtained during acceptance test and compare among different manufacturers of similar equipment.

A contribution from UK recalls that correlation is often poor between 2-FAL and the degree of polymerisation. The rate of rise of furan appears to be much more dependable. It has also been observed that level of 2-FAL can increase significantly during an overload occurrence and decrease thereafter as the winding cool down. It is felt that a proper assessment of insulation aging should consider DGA history, insulation power factor and mechanical stability of the winding.

Question 2.7 raised the problem of furan interpretation and queries about alternative route to assess paper degradation. A contribution from Canada reported on development taking place at Hydro-Quebec on paper degradation by-products applicable to normal Kraft paper or thermally upgraded paper. More than thirty candidates were identified through laboratory ageing tests and methanol appears to be the most promising in term of production rate, independence from moisture content, validity at early stage of paper degradation and mostly specific to cellulose material.

A contribution from Germany reviewed the principal markers for cellulose degradation in transformers. It was found that in service it is difficult to relate the level of 2-FAL with the degree of polymerisation. It is suggested that more accurate information could be gathered from examination of carbon oxides level and especially the CO2/CO ratio.

Question 2.8 address the unknown of oil corrosivity and developments still needed to oil testing and remedial actions A combined contribution from Italy and Brazil reported that the set of tests methods now available (IEC 62535, ASTM D1275-B, and OCSS) give excellent results. As for mitigation, passivation is often deceptive and oil replacement appears to be the best method although chemical oil reclaiming is also promising.

Serbia also contributed to the discussion by proposing a method called Selective Liquid-Liquid Extraction that appears to give very promising results after laboratory treatment of 13 corrosive oil samples.

In a combined contribution from Switzerland and Sweden it was mentioned that relevant tests methods are now available. The main problem now lies in maintaining the large population of transformers originally filled with corrosive oil. The mitigation technique that has been most widely applied so far is the addition of metal passivators to the oil. Very few failures have been observed on units that were passivated and those were presumably caused by significant Cu2S contamination before they were passivated. Apart from the use of metal passivators, the other obvious option would be to remove the corrosive components from the oil and several different techniques were proposed to achieve this. On-line reclaiming is believed to be more efficient that oil exchange.

A contribution from UK reported on the failure of a 15 years old transformer where copper sulphide appears to be the culprit although the conservator was free breathing and the winding hot spot hardly above rated value. The author agreed that mitigation methods are basically reduction of temperature, addition of passivator or removal of corrosive compound.

A contribution from USA proposes an additional method for detection of corrosive sulphur in oil. The method is base on a bare piece of copper but is more aggressive than ASTM D1275B as it calls for higher temperature and longer duration. This method claims to eliminate false negative results.

Several spontaneous contributions have been voiced. These contributors are reminded to send a written text (not exceeding 500 words) to the secretary. These spontaneous contributions will be published on the web site in the near future along with the prepared contributions.

The Special reporter M. Foata concluded this part of the session by reminding that on the overall, transformers are very reliable equipment. The concern arises rather from potential risk linked with the difficulty in assessing the transformer condition, the high replacement cost and long delivery time.

PREFERENTIAL SUBJECT 3: REACTORS (SHUNT, SHUNT WITH REGULATION, SERIES, NEUTRAL) AND RELATED ITEMS

Five papers were submitted to A2 on this subject. The Special Reporter prepared eight questions based on these submissions and six prepared contributions were submitted by delegates in response. These were presented after given after the Keynote Address by Mr Bengtsson of Sweden.

PS#3 - Keynote presentation by C T Bengtsson (Sweden) 

Mr Bengtsson drew attention to aspects of reactor design, construction and operation that are unique to these equipments and deserve greater attention if the general service performance of reactors is to be improved and become comparable to their conventional transformer counterparts. 

It was stressed manufacturers need to be more aware of the need to increase reactor reliability, claiming “50/50” is not good enough. The need to maintain, develop and secure the competence and skills necessary to design and manufacture reactors was an essential prerequisite if the desired reactor reliability improvements are to be obtained. 

Mr Bengtsson’s advice to users was to obtain higher reliability by adopting functional specifications and give reactors the attention they deserve!

The Special Reporter then introduced in turn the contributions received in answer to the eight PS#3 questions in his Special Report.

In answer to Q3.1, Sweden stated reactor power and voltage ratings continue to increase and large rated 3-phase reactors can exhibit lower losses, lower total costs, smaller footprints, reduced civil work costs and lower substation costs than comparable rated single-phase options.

Sweden also replied to Q3.2 stating, growing market developments including windfarm connections are making regulated shunt reactors an attractive means of avoiding large,  frequent and sometimes detrimental voltage step-changes caused by switching reactors.  Whilst recognizing variable shunt reactors(VSR’s) are more complex than shunt reactors having a fixed rating, Sweden considers they offer a viable and acceptable technical solution if the technology is based on established principals and the necessary high level of competence is applied. 

France, in contributing to Q3.3, gave an outline of the service experience of its reactor population over some 50 years, including 400kV units. The failure rate is again higher than is generally the case for transformers. The service failure experience of number dry-type air-cored shunt reactor coils was recounted. From the evidence it was claimed the failures in these cases were attributable to overheating in circumstances of low ambient air-speed. Others could have attributed like failures to design and manufacturing weaknesses in the construction of the encapsulating GRP covered layer windings. The French experience was rectified by adopting Class H designs.

In another contribution to Q3.3, SA reported its operating experience with reactors. A large portion of its reactor population is undergoing refurbishment or replacement but current performance indicates failure incident rate of around two/year. It was reported reactors of different manufacturer exhibit different failure causes e.g. bushing problems, core saturation effects, core clamping deficiencies and corrosive in oil (Cu2S) effects. SA believes some of these problems can be mitigated in future, for example, by increasing the reactor supply base, increasing voltage test requirements, evaluating factory capability more thoroughly, eliminating the Cu2S tendency. 

There were no contributions to Q3.4 or Q3.5

Brazil responded to Q3.6 by stating series reactors can be used in several different configurations to limit local system short-circuit ratings when these tend to exceed existing switchgear capabilities. It was stated alternative measures included splitting networks, introducing higher impedance transformers, and adopting sequential network switching practices.

Q3.7 sought methods to assess reactor condition. A Japanese author described experiences of resolving reactor problems caused by excessive vibration damaging core components, clamping and causing tank leaks. The measured peak to peak vibration amplitudes associated with these several effects was within the range of 600μmm. Corrosive sulfur also caused some of this poor service experience.  

Finally, in answer to Q3.8 BR supported the use of open resistors or controlled switching devices using synchronizers as a means reducing stresses due to frequent reactor switching operations.

PS#3 closed with three spontaneous contributions form the floor. These will by available in the Proceedings within a few months.

In his summary of the PS#3 discussion, the Special Reporter concluded large reactors do not reach their expected life-span; that corrosive sulfur is often cited as the cause of failure; reactors with less than 30 years of service fail as the result of clamping problems; reliable methods to establish reactor condition and remaining life are urgently needed; worldwide demand for reactors is overstretching existing manufacturing resources with the inherent risks to reactor quality and long-term successful service performance.

Concluding remarks

The chairman P.Boss briefly reviewed each preferential subject highlighting the aspects that should be developed by working groups already existing or to be created. He insisted on the importance of replying to the questionnaire circulated internally in order to bring adequate information to the various working bodies.

I regard to Cigre policy of integrating young engineers in our working groups, it is found the A2 is leading the way in respect to other study committee and we should continue to progress in that direction.

The next A2 Colloquium will be held in South Africa in August 2009 in collaboration with CIGRE SC A3 and SC B3. Preferential subject are to be posted on the SC A2 web site in the near future.
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