Session 1 – Special Report

NETWORK COMPONENTS

Chairman : R. DIDES (France)

Rapporteur: A. DOULET (France)

The discussions during the CIRED 1999 session n°1 will deal for the first time with the problem of the overall components of the distribution network:

-
secondary and primary substations

-
overhead lines

-
underground network

Discussions will be based on three different themes:

-
the design of the equipment

-
the life cycle of components

-
the environmental issues.

The session will be held from 9:00 a.m. to 5:30 p.m. on Friday 4th June.

The first theme will be dealt with in the morning. A specific presentation will be proposed at the end of the morning regarding the development of standards for network components. The two other preferential themes will be dealt with in the afternoon. Sixty-seven proposed reports have been received. Thirty-four have been chosen for the plenary session, eleven for the dialogue session and six as a prepared written contribution.

Preferential theme No. 1

Equipment design
The first 3 reports (1.1 presented by AUSTRIA, 1.2 presented by China and 1.3 presented by JAPAN) concern the development and experiment of equipment using power electronics and ensuring a number of functions:

-
adjustment of reactive power

-
voltage regulation.

These devices offer a number of advantages described in the articles:

-
reduction of constraints imposed on cut-off devices

-
improved adjustment sensitivity

-
lesser maintenance or maintenance cycle rendered consistent with other parts of the same equipment.

Although the subject of the insertion of equipment using power electronics into the distribution network has been dealt with for several CIREDs, the release of these products has been limited. This leads us to a number of hypotheses:

-
Is it related to a problem of overall cost, the reduction of maintenance costs not balancing out the extra cost on purchase?

-
Is it because the functions offered by this equipment are not those expected by the customers? What functions best do respond to current expectations? More particularly, is the issue of low voltage voltage regulation considered important by distributors today?

-
Is there a fear of insufficient reliability? Is the possible redundancy of this equipment of a type that could allow overall reliability to be calibrated?

Question 1.1

Why are potential buyers reticent concerning the supply of products that include power electronics?
The 1.4 (Sweden) report presents the advantages of DC links both for the facilities offered in terms of reactive adjustment for the quality of the supply, for connection of non-synchronous networks and for concealing the works. The author will be required to stipulate the market he believes is accessible for this type of link.

The 1.5 (Argentina) report deals with the subject of fuses with a high breaking capacity and analyzes the performance of this equipment. It is evident that contrary to the accepted idea, they offer excellent reliability and age well too. The observed behavior is analyzed, in particular so as to differentiate the real hierarchized failures as a function of importance, and normal cases of non-operation.

Question 1.2

Is the rise of the harmonic factor in distribution networks to be considered a source of malfunctioning in fuse protection systems?

Is the incorporation of a fuse into a transformer (when it is not protected by an external fuse) considered to be an important element in controlling network reliability?

The 1.6 (France) report deals with questions of reliability. It presents the input from an FMECA approach combined with a reliability calculation obtained on components already placed in a network and reused to develop low-cost equipment intended for French underground networks. The approach is therefore turned towards a reliability forecast.

Question 1.3

In current specifications, how are reliability matters dealt with? Is use made of a forecast reliability analysis or are findings based on operational reliability demands?
The 1.11 (Germany) report deals with the design of secondary sub-station cells and brings forward the problem of cost cutting, essential in a competitive environment at a time when the functions expected by customers are changing. The advantage of integrating control circuits, the reduction of maintenance requirements, the flexibility of the electric scheme and the short erection time are factors estimated as essential to meet user expectations.

The 1.10 (Belgium) report deals with a specific aspect of the response to customer expectations: the symbolical representation of the network block diagram. The report proposes the standardizing of the user interface (MMI or HIM) of the secondary sub-station cells by the use of typical pictograms and typical arrangements. Indeed, operator safety can only be guaranteed for a company if the block diagrams are organized on the basis of a clear-cut and unambiguous scheme. These differentiations will be a source of extra costs if the various players do not agree about coherent schemes.

Question 1.4

Will innovations in terms of design make it possible to deal more easily with the functional differentiations expressed by our customers?

As far as the block diagram is concerned, are the users ready to enter into a standardization approach controlled by a standardization organization ?

The 1.23 (United States) report deals with the question of the minor inevitable flashover caused by the rough contact surfaces of a circuit-breaker vacuum bulb. A procedure to recover cut-off performance is proposed, using suitably sized pulses.

The 1.12 (Belgium) report deals with overvoltages occurring in windings, leading to oscillations and destruction. It is impossible to eliminate these overvoltages. With frequencies varying from 5 to 200 kHz, these overvoltages occur within the windings. Therefore, their measurement is difficult and their elimination by systems placed across the terminals of the transformer is ineffective.

Question 1.5

Are there interesting experiments or innovative industrial solutions implemented to forestall the effects of overvoltages internal to the windings?
Two 1.13 (Belgium) and 1.14 (Italy) reports present a new mechanism controlling circuit breakers by way of a permanent magnet. A device like this offers advantages over conventional spring-loaded control, such as the reduction in number of mobile parts, the short mechanical link between the control switch and circuit-breaker pole. The authors develop two particularly innovative aspects of these controls: the small amount of mechanical energy needed to operate the control and the good pole maneuvering synchronism.

Question 1.6

Is there any way of being sure about the stability of permanent magnet control performance for circuit breakers, in particular with regards to the risk of demagnetization or the influence of short-circuit current?
The 1.16 (United Kingdom) report deals with 132kV so-called lightweight cables, the diameter of which is smaller than for current cables because of the increased dielectric constraint on the dry insulation. This means that it is possible to have longer cable lengths between two junctions but also makes for easier laying when the trench includes sharp angles. This, according to the author, represents a gain estimated at 17% on the cable and 29% on the total cost of the link. 

The major challenge of this innovation is the relationship between the weight of the cable and its cost on the one hand, and the weight of the cable and its life expectancy on the other.

Question 1.7

Do we have a system of accessories compatible with new lightweight cables?

Today, do we have any return on experience regarding the relationship between the life duration and the level of dielectric constraints?

Is the lengthening of the available lengths per reel always perceived of as a cost reduction factor?

Preferential theme No. 2

Component life cycle
The 1.17 (China) report deals with the feedback of information in real time and of its processing to boost the performance of the system by means of an elaborate supervision device. The centralizing of the information and the statistical analysis of the data can improve diagnostic quality. The 1.22 (France) report presents a supervision system using optical fibers to detect any hot spots in the medium voltage cell power circuits without the use of thermography operated from outside the cell.

In this way, many systems have been proposed for several years but it appears that their development is limited.

More generally, we might look at the position that such open-ended systems might occupy, becoming rapidly obsolescent and therefore offering a limited life duration for equipment whose life expectancy is usually of around 30 years.

Question 2.1

Today, what avenue appears to be the most attractive for the development of new products:  simplicity focusing on reduced investment, rugged solutions or reliability which can be improved by intelligent monitoring?

Among all the quantities that can be monitored, which are those considered to be significant:  temperatures, pressures, speed of movement, arc detection, partial discharge detection?

Is the fear of rapid monitoring equipment aging the origin of the small market demand?

The 1.18 (Finland) report proposes a guide to cable loads in the same way as for transformers. Indeed, the power flow limits accepted on an underground link depend solely on the temperature rise. The temperature rise depends on the intensity and its variation in the course of time, but also on the characteristics of the cable, the soil, other sources of heat that may exist nearby, and also on the interaction between the cable and the soil. Better knowledge and detailed analysis of the loads could decrease the amount of investment needed by monitoring more closely the real temperature of the conductors. However, this presupposes using adapted methods and calculation tools.

Question 2.2

Do the strengthening of constraints on the networks and the concern to make the investments profitable justify this proposal? Are users ready to insert this kind of guide into new test sequences?

Do network accessories offer the same thermal performance as the cables?

Are the problems of thermal conduction through the soil (change of the soil’s thermal resistivity) under sufficient control to permit operation as close as possible to the limits of the cables?
The 1.20 (Germany) report deals with a return on experience from service using cables with synthetic insulation for medium voltage networks. Tests have been performed on 6 cables and compared with the return on experience gained from approximately 10 years of service. The breakdown indicates that performance is very good.

Question 2.3

If these positive returns on experience are shared, might they not lead to reduced demands for cable qualification tests, using the acquired experience as a lever? Might they not also slow down developments in terms of quality?

Are there other similar analyses available and are they based on the same study methodology?
The 1.24 (USA) report deals with the measurement of partial discharges in the cables. The presented system has been widely used in the USA and in Europe, beginning in 1998 on different types of medium-voltage cables. The test voltage varies from 1.5 to 3Uo and requires the disconnection of the tested link. Statistical analysis of the different recorded results proposes the determining of a limit from which preventive repair can be undertaken.

Question 2.4

Is it now possible to consider partial discharge measurements in cables without disconnection?

The 1.21 (Greece) report deals with the performance measurement of MV/LV transformer oils. Statistical analysis of the results is a way of linking the dielectric quality of the oil with the risk of malfunctioning. 

Considering the difficulty of obtaining oil samples on equipment in service, statistical analysis may enrich the renewal criteria. However, other parameters can also be proposed to characterize the quality of the equipment, for instance, the quantity of the dissolved gas.

Question 2.5

Is the measurement or knowledge of the dielectric performance of transformer oil a good guide to the equipment life expectancy?

Several reports, 1.7 presented by France, 1.9 presented by Japan, 1.19 presented by France, deal with the use of synthetic materials in distribution network equipment. The cases described concern the insulation of lightning arresters in the outdoor environment, the construction of connecting accessories on cables or the definition of spark gaps or conductors for overhead networks.

Question 2.6

Are there any industrial achievements, in particular outdoor, using such materials with any significant return on experience?
Preferential theme No. 3

Environmental constraints
The 1.25 (Canada) report presents a secondary sealed distribution system suitable for burying, made entirely of solid materials resisting corrosion and thus forming an alternative to distribution networks with post-mounted transformers.

Question 3.1

Is this type of network considered as an interesting economic alternative or is it to be reserved for areas where there are considerable constraints on the available space?

Is it confined to North American LV network structures?

Does a network like this lead to new thermal problems (cable/soil interaction) that have to be looked into in greater detail?
The 1.26 (France) report describes the efforts made to conceal the secondary sub-stations, particularly when the densities to be served are relatively low. It has been observed that this aesthetic research was possible without any detrimental effect on costs. 

The 1.29 (Spain) report describes a similar approach towards cooperation between the electricity company and the suppliers so as to define a standard for the secondary transformer substation that is easier to insert into the environment, more particularly because of its size, the various arrangements of the components equipment, etc. The prefabrication of the substations has allowed to minimize the effect of such provisions upon costs.

Indeed, environmental constraints have led to increasing demands in many domains: visual impact, sound interference, the possible pollution caused by effluent, personal safety (for participants or the public) and hierarchization between these constraints is not always applied.

Question 3.2

Among these environmental aspects, which appear today to you as requiring primary action considering the increasing sensitivity of the citizens?

Does the insertion of environmental requirements always lead to extra costs or can the rearrangement of equipment design take these constraints into consideration without any identifiable extra cost?

The 1.27 (Italy and Switzerland) report covers the environmental effects of SF6. Distribution networks are a minority user of SF6. Even if the gas does contribute to the greenhouse effect, the small volume used in medium-voltage equipment, the tight control of dumping in service and at the life end, enable us to affirm that environmental requirements are properly managed.

Question 3.3

Have SF6 users set procedures to guarantee compliance with environmental requirements in terms of SF6 release?

Can it be expected that there will be a complementary reduction in the volumes of SF6 used for each piece of equipment in the forthcoming years?
Today, for some countries, fraud is important to the point of becoming part and parcel of the functional choices. The 1.33 (Argentina) report outlines the reasons that led to the development of a cable better able to resist current theft in Argentina. 

The electrification of new zones or the extension of electric networks thus reveal new functionalities, naturally secondary with respect to electrical distribution, but that are involved in the success won by the electricity companies.

Question 3.4

Accordingly, have any new functionalities appeared in recent or low density distribution systems?
Two reports (1.30 Germany and 1.31 England) take stock of recent developments in equipment using the performance of supraconductor equipment. More particularly, they describe limiter circuit breaker projects capable of combining low impedance during normal operation with limited fault current. This should dispense with the need to replace cut-off equipment when the fault current increases considerably.

Question 3.5

Is the limiter circuit breaker considered as an equipment that could emerge quickly?
The development of decentralized production is creating new functional requirements, especially in terms of cut-off devices. The article 1.34 (Netherlands) presents a cut-off device adapted to wind production, the characteristics of which are, more particularly, the difficulty of maintaining a constant voltage level, the two-way power flow and the local increase of the short-circuiting current.

The 1.15 (Denmark) report deals with protection against the effects of strokes of lightning on wind generators, by means of loop antennas connected to a receiver by optical fiber.

Question 3.6

Is the development of decentralized generation creating new requirements in terms of distribution network equipment?

Have any new devices been developed to protect wind generators and incorporate specific constraints affecting them?

Dialogue session
Alongside the study of the 3 preferential subjects outlined above, 11 reports have been selected for a specific session.

The 1P1 (China) report presents a protection and automation system for urban networks operated in the open loop mode.

The 1P2 (Republic of Czechoslovakia) report gives a presentation of an overhead line concept allowing distribution to be densified by the installation of 4 circuits on the same tower.

The 1P3 (France) report presents an aging study of synthetic envelope lightning arresters by comparing the laboratory test results with return on experience in the field.

The 1P4 (Norway) report presents a method of detecting partial discharge in cable terminations based on the measurement of ultrasound signals emitted on discharge.

The 1P5 (Romania) report presents a complete underground link supervision concept covering the preventive and corrective maintenance works.

The 1P6 (Switzerland) report presents a new concrete tower concept to be assembled from sections having limited length and weight that are therefore more easily transportable, especially in areas that are difficult to reach.

The 1P7 (Norway) report also presents a new support concept for an overhead line developed as a partnership venture between electricity companies and industry and whose cost remains comparable with classical solutions while guaranteeing good reliability and easy insertion into the environment.

The 1P8 (Germany) report presents a medium voltage vacuum circuit-breaker controlled by a permanent magnet mechanism and more particularly, underscores the ways this technique can improve equipment reliability and compactness. The report is to be compared with articles 1.13 and 1.14.

The 1P9 (Russia) report presents a technique for protection against flashover due to lightning by installing an insulating tube on each support, associated with a spark gap. 

This device also improves the performance of the overhead line with better resistance to overvoltage and a drop in the number of faults.

The 1P10 (Australia) report presents a system for monitoring power transformers by the detection of partial discharge using an ultrasound and radio sensor. The system provides faster information in the case of a burgeoning fault than does a test on gases dissolved in the oil.

The 1P11 (Netherlands) report presents the results obtained from experiment on a medium voltage cable with synthetic insulation equipped with two optical fibers designed to ensure the monitoring of the cable temperature and the protection of the link. Continuous monitoring of the cable temperature will lengthen the life duration and permit better use of the link transportation capacity.

Furthermore, 6 reports will be presented by the authors without any discussion during the session.
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