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TUTORIAL ABSTRACT:

Although the concept of variable speed drives, based on utilization of multiphase (more than three phases)
machines, dates back to the late sixties of the last century, it was not until the mid to late nineties that multiphase
drives have become serious contenders for various applications. These include electric ship propulsion,
locomotive traction, electric and hybrid electric vehicles, ‘more-electric’ aircraft, and high power industrial
applications. As a consequence, there has been a substantial increase in the interest for such drive systems world-
wide, resulting in a huge progress during the last ten years. This tutorial is aimed primarily at those who are not
familiar with this area and it attempts to provide an introduction into the field. The tutorial is structured in six
sections and it addresses in the first part the reasons for employing multiphase variable speed drives,
concentrating on their advantages and shortcomings. A survey of actual and potential industrial applications is
also provided in the first section and the available approaches to multiphase machine stator winding design are
surveyed. The second part contains considerations related to the modelling of multiphase machines, with a
multiphase induction machine taken as an example. Modelling based on the general theory of electrical
machinery is covered and both machines with concentrated stator windings and machines with near-sinusoidal
mmf distribution are encompassed. Models obtained in this way constitute the basics of the subsequent control
system design for a multiphase variable speed drive. The third section discusses various vector control schemes
(using stationary and synchronous current controllers) and direct torque control schemes (based on switching
table concept and with constant switching frequency) that are nowadays available. Attainable performance is
illustrated using experimental results collected from a number of five-phase and six-phase induction motor
laboratory rigs. Use of additional degrees of freedom (currents), available in multiphase machines, for torque
enhancement by higher stator current injection in concentrated winding machines is encompassed by this section.
This is followed by the discussion of the multiphase voltage source inverter control in the fourth section. Carrier-
based and space vector PWM control methods are covered in a considerable detail and numerous experimentally
obtained results are used to illustrate the multiphase inverter operation (five-phase, six-phase and seven-phase
two-level inverters are considered). Two further possibilities for the use of additional degrees of freedom in
multiphase machines are discussed in the last two sections of the tutorial. In particular, the fifth section
elaborates fault-tolerant operation. Existing scenarios for post-fault control strategy design are discussed and
post-fault operation is illustrated using a five-phase induction motor as an example. The last section of the
tutorial covers an alternative use of the additional degrees of freedom, namely multi-motor multiphase series-
connected and parallel-connected variable speed drives with a single multiphase inverter supply and
independent, fully decoupled vector control. This is applicable to machines with near-sinusoidal mmf
distribution and the principles of operation are surveyed for a couple of supply phase numbers. Operation of two-
motor series-connected five-phase and six-phase drives is illustrated using experimental results.

INTENDED AUDIENCE: The tutorial is designed for attendees with good knowledge of three-phase variable
speed drives. The assumption is that the attendees will be familiar with principles of vector control, direct torque
control and voltage source inverter PWM control, as applied in variable speed three-phase drives, but that they
have not dealt with multiphase variable speed drives in the past and are therefore novices in this specific field.
The expected knowledge level is therefore basic.

The tutorial is associated with the following topics of the conference call for papers: i) Electric Drives and
Machines; ii) Power Electronics.



THE PRESENTER — Emil Levi

SHORT BIOGRAPHY: The presenter is, since 2000, Professor of Electric Machines and Drives at Liverpool
John Moores University (UK), with over 25 years of research experience in the electric machines, variable speed
drives and power electronics areas. His publication record consists of more than 240 full journal and conference
papers and includes 70 published and accepted journal papers in Science Citation Index source journals (more
than 40 of which are in IEEE/IEE/IET journals). The presenter has been conducting research in the proposed
tutorial area since 2001 and the following is the brief summary of the data pertinent to this proposal.
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