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STUDY COMMITTEE 11 (A1) ROTATING MACHINES

INTRODUCTION

SC 11 is responsible for the field of Rotating Electrical Machines and includes in its scope all such machines for power generation and large motors for power stations.  It also includes a brief to cover materials technology relevant to machines and superconducting technology relevant to CIGRE activities.

The review of trends on national perspectives regarding electrical machines shows the wide variety of situations and problems, on political, economic and technical aspects.  Hydro, thermal and nuclear sources of energy are quite diversely balanced in the world, thus confirming the need for a wide technical scope within the SC.  The impact of economic crisis is evident in many countries in the 90s, with a noticeable exception for Asia where generation equipment is being developed at a sustained level.

The race for higher unit ratings for very large generators has been stopped and life management of machinery has been the prior concern for more than a decade now.  SC 11 has clearly oriented its studies to contribute to this issue.  The emphasis has been put for some years in the field of conventional machines on the improvement of the service supplied by units in operation for increase in performance, better reliability, and life extension.  This trend is well confirmed now and will keep on in the future; the development will continue on diagnostics, monitoring, maintenance and life management / extension.

A second key issue which has been of growing importance for the recent years is the question of relation between the electrical system and the generating units.  With the unbundling of generation and transmission becoming more prevalent, the importance of the effect and costs of trade‑offs in power plant capital and operational costs has to be scrutinised to enable generators and system operators to minimize and to agree on costs.  Jointly with SC39, SC 11 has contributed to develop the concept of interface between the system and the generating plants as an exchange of services, useful in integrated systems as an aid for decision making at decentralized level.  Another key problem on which SC 11 has contributed lies with the ancillary services normally associated with generation, such as: VAR control, voltage control, frequency response, time required to accept load, black start capability ... A systemic and multidisciplinary approach has been developed, involving the System Committees with SC 11, acting as a Generation Committee.

SC 11 is also well involved in new developments, including non conventional rotating machines, variable speed drives, new cooling techniques such as higher rated air cooled generators...

There are 5 major technology areas for long term strategy consideration viz

1 ‑ Superconducting technology

2 ‑ Power electronics

3 ‑ Machine monitoring and diagnosis

4 ‑ Machine/system interaction

5 ‑ Machine evolution

This background will be explained with reference to chosen specific technical examples, detailed hereafter to demonstrate the main contribution of the Study Committee to this field during the last two decades.

As regards the future trends, while keeping and developing its "core competence" in electrical machines, particularly in the field of life management, SC 11 has widened its scope of activities to cover generation and not only the generators.  The trend towards more system based approaches and joint studies with other committees will become increasingly prevalent in future years.  Machine expertise and system knowledge are the qualities required of members and experts of SC 11 both now and in the future.  It will be necessary to respond to questions such as:

‑ Reciprocal impact of generation characteristics and power systems evolution, 
‑ Ancillary services in a more competitive environment, and impact on machines.

1 ‑ LIFE MANAGEMENT AND GENERATOR CONDITION MONITORING

As regards turbo generators, works have been conducted and the results recently published in ELECTRA on ageing caused by field current cycling [7], on rotor and stator windings integrity [10] [11], and last but not the least on a Guideline for Operators on the data required for generator life management.

On hydro generators a 1987 survey of the experience with condition monitoring [1] was recently updated including:

a) conventional monitoring tools used in well established ways 
b) novel applications of conventional tools

c) new monitoring tools

for the five main components of stator core, stator winding, rotor winding, air gap normality, together with stator and rotor eccentricity, bearing loading, vibration level and temperature monitoring.

For all types of machines monitoring and diagnosis are key topics in the optimisation of operation, protection and maintenance of generators and motors as well as for the Life Management, and are regularly discussed at Paris conferences to provide designers and operators with essential feedback and information.  A CIGRE / EPRI colloquium devoted to life management was held in Florence (Italy) in April 1997.

2 ‑ TORSIONAL STRESSES AND FATIGUE IN TURBINE GENERATOR SHAFT LINES

The shafts of turbine generators are subject to the risk of deformation and cyclic fatigue from fault conditions and system operation.  Studies of the problem involve modelling of the electrical and mechanical torsional behaviour of the shaft line under applied faults, such as mal-​synchronising, and system operation, for example rapid re-closing of breakers for fault clearance.  Fatigue risk evaluation involves calculation of the transient torques, the number of cycles and the cumulative fatigue damage at critical features, such as stress concentrating fillets at the LP Turbine/Generator coupling.  Direct measurement of shaft torques are possible for trial purposes but on‑line monitoring requires a complete model of machine behaviour fed from inferred shaft torques by optical measurement of shaft displacements.  Development of the analytical techniques and on‑line monitors was accomplished in the 1979/89 decade.  The CIGRE studies involved comparison of the results of fatigue evaluation for defined benchmark studies by different countries.

Good agreement on calculated shaft was accompanied by divergence on the fatigue evaluation due to different assumptions of the cumulating damage at shaft strain concentrations.  However the relative seventy of different types of faults could be classified and support provided to proposals that a large turbine generator should be capable of sustaining a specified number of mal‑synchronisations, out of phase operation and close‑up three phase faults without absorbing more than 30 % of the shaft fatigue life, thus allowing margin for less severe operational incidents during the unit lifetime.  The damaging effect of rapid re-closure has been fed to system operators and is avoided whenever possible.  Monitors are available for cumulative life evaluation on‑line.  Though not essential with well regulated operation such monitors have already detected unforeseen sub‑synchronous resonance and are available for critical locations.  Ref. [4] reports the CIGRE studies and the recommendations for generator shaft capability.

3 ‑ NEW AND NON‑CONVENTIONAL MACHINES AND SUPERCONDUCTING APPLICATIONS

This Group was initially concerned with the development of superconducting (SC) generators utilising low temperature superconductors [31 and has continued with studies of technical problems on:

‑ Quench protection

‑ Dynamic performance of SC generators and rotors

‑ Application of SC wires

‑ Liquid helium management and SC winding cooling

‑ Maintaining high vacuum in the rotor

‑ Operational measurements on SC rotors

‑ Structural materials of SC rotors

‑ Air gap winding

‑ Reliability and availability of cryogenic equipment

A report was published in Electra in 1996, with guidelines on the specification of parameters for SC generators [8].

To take advantage of the expertise in this Group, composed of the world authorities in S.C. development they have also produced a perspective on high temperature superconductor application.  Low temperature SC applications are already in place for turbine generators and are envisaged for current limiters FCL and SMES (SC magnetic energy storage).  High temperature SC's applications depend on the long timescales for conductor development.

4 ‑ LARGE MOTORS AND DRIVES

Power Electronics have greatly extended the capability of both synchronous and squirrel cage induction motors for application as adjustable speed drives for fluid flow regulation in power plants with resulting reductions in energy consumption and pollution.

Studies of the merits and economics of different types of Adjustable Speed Drive (ASD) have already been published [2].
Now that the application of ASD's for boiler feed pumps and fans are well established a comprehensive survey of experience is being undertaken on their specification, power supply/drive interaction, design features, testing, economics, control response, environmental improvements.

5 ‑ GENERATION AND THE SYSTEM

There is a marked trend within CIGRE to encourage joint works involving different SCs, regarding in particular the interaction between Generation and Electrical System.  Three significant examples are detailed below.

5.1 DIRECTLY CONNECTED GENERATORS TO HVDC CONVERTERS

Several technical and economic advantages are offered by direct connection of generators to a separate AC/DC converter for connection to a DC transmission system.  The results of studies of the main characteristics and comparative advantages have already been published in Electra [5] including the relevant generator considerations of harmonics, variable frequency and extended power factor operation.  This has involved the latest analysis tools for generator electromagnetic and dynamic behaviour.  Work has been extended on the generator reactive power and reactance requirements over the speed range for system/machine modelling, leading to a publication in ELECTRA in 1996 [9].
5.2 SYSTEM AND GENERATOR INTERACTION: TECHNICAL AND ECONOMIC IMPLICATIONS OF REQUIREMENTS AT THE INTERFACE

There is a complex interaction between the system and the generating plant at their interface. A joint study involving SCs 11 and 39 has been conducted to review the technical and economic aspects of present and future needs.  Everything is to be considered but concentration is on the generators contribution to reactive power and voltage control, generation power reserve and generator performance required to cope with credible system disturbance.  A paper has been produced by a 39‑11 joint WG [6], and a joint plenary session was organised on this topic during the 1994 conference in PARIS.

5.3 GENERATION DEVELOPMENT AND IMPACT ON POWER SYSTEM

There are a number of new generation technologies, which may have an impact on operation and planning of the System.  To address the question of identification and characteristics of generation, and particularly distributed generation, SC 11 formed a Joint Task Force with participation by System Committees 37, 38 and 39.

An “Update on distributed generation systems” was presented at the Symposium of Tours on behalf of the Joint Task Force [12].
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