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Addressed research questions/problems
The main topics covered in the research activity can be divided into three sections:

1. SyR and PM-SyR machines design: define a fast and aware design procedure .

2. Asymmetric SyR and PM-SyR rotors: study on asymmetric rotors to reduce the torque

ripple of SyR and PM-SyR machines.

3. Interior Permanent Magnet (IPM) machine design: extension of the SyR machine

design approach to V-type IPM machines.

Research context and motivation

Adopted methodologies

Future work
1. SyR and PM-SyR machine design: improvement of the PM-SyR machines design and

validation against optimization algorithm.

2. Asymmetric SyR and PM-SyR rotors: extension of the FBS concept to IPM machines.

Further analysis on asymmetric PM-SyR machines

3. IPM machine design: improvement of the design equations and extension to multi-

barrier V-type IPM machines.
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3. IPM machine design

• Analytical equations for the initial

design

• FEAfix process extended to IPM

• FEA validation against an existing

commercial machine

Synchronous Reluctance (SyR) Machines are a viable alternative to other kind of electrical machines. Thanks to the

distinctive rotor geometry, SyR machines have low manufacturing cost and high efficiency. Moreover, their design is complex

and not well established. For some applications, Permanent Magnets (PMs) can be inserted in the rotor, increasing the

performances, but further aggravating the design process. The need of a reliable design tool is evident. This should

incorporate FEA validation tools, compatible also with the experimental test procedures, in order to have a common

environment. This research is closely related to SyR-e (Synchronous Reluctance-evolution), a design tool for SyR and PM

machines. The link is twofold: SyR-e helps the research for all the basic operations, while the research activity add several

novel contributions and state the tool reliability, making SyR-e a good reference for further studies and industrial projects

1. SyR and PM-SyR machines design

• Automatic SyR stator and rotor design

starting from two parameters (𝑥,𝑏).

• Analytical equations and FEA simulations

to have a precise performance estimation

• FEA procedures to automatically identify

the magnetic models and post-processing

tools, compatible with FEA and

experimental results

• Custom test bed for lab tests: magnetic

model identification, torque ripple

measurement and efficiency

1. SyR and PM-SyR machines design

Design equation for a fast and conscious design of

SyR and PM-SyR machines. Main contributions are:

• Estimation of the iron saturation effect

• FEAfix procedure: few FEA simulations correct

the analysical model estimation.

• Fast PM design for field weakening operations

3. IPM machine design

Extension of the design plane approach to V-type

IPM machines. Features are:

• Design equations, based on analytical models

• FEAfix procedure: needed for high accuracy

2. Asymmetric SyR and PM-SyR rotors

Torque ripple reduction using the Flux Barrier Shift

(FBS) concept for SyR and PM-SyR motors:

• Fast: optimization is possible, but not compulsory

• Effective: target harmonics are reduced,

• Feasible: no side effects of performance and

manufacturing process

2. Asymmetric SyR and PM-SyR

rotors

• Analytic and FEA tools developed in

SyR-e

• Custom FEA post-processing tools

• FBS comparison against optimization

algorithm and skewing

• Experiments: 4 prototype to validate

FBS on SyR and PM-SyR machines


