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ABSTRACT (200 - 300 words): 

Among the multiphase solutions, 

multi-three-phase motors are 

becoming more and more widespread 

in practice as the stator consists of 

multiple three-phase winding sets 

operating in parallel, thus allowing the 

use of conventional three-phase 

inverters to supply them modularly 

(see Fig. 1). This way, several 

advantages are obtained. For 

instance, the fault-tolerance 

capability is implemented according 

to the three-phase modularity, avoiding low-order harmonic content on the DC-link 

current and torque. Besides, power-sharing strategies can be implemented, resulting in 

useful for the series of parallel connections of the DC-links belonging to the three-phase 

units. 

The literature reports several modeling approaches to deal with multi-three-phase 

motors. Among these, the most recognized are in the order Vector Space Decomposition 

(VSD), Multi-Stator (MS), and the more recent Decoupled Multi-Stator (DMS). These 

approaches model a multi-three-phase motor differently, thus leading to several pros 

and cons that directly impact the advantages and drawbacks of torque controllers based 

on them. 

According to this scenario, this tutorial will present strict methodologies for designing 

and implementing high-performance torque controllers for multi-three-phase drives. 

The guidelines for selecting the most suitable modeling approach from those previously 

mentioned will be reported, starting from the features required for the torque 

controller. Moreover, several control structures will be presented, focusing on those 

able to perform high-performance and accurate torque regulation in Flux Weakening 

(FW) operation with Maximum Torque per Volt (MTPV). Finally, experimental results 

validating the presented methodologies will be shown, considering a 12-phase 

induction- and 6-phase wound-field synchronous motor for aircraft and a 9-phase 

permanent magnet synchronous motor (PMSM) prototype. 

 

 

Fig. 1. View of a multi-three-phase drive topology. 
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List of contents: 

This tutorial will be organized into several sections as follows. 

1) Introduction 

• Machine configuration 
➢ Symmetrical and asymmetrical windings 
➢ Modular winding configurations 

• Drive topology 
➢ Series-parallel configurations 

• Applications 
➢ Transports: aircraft, naval, automotive 
➢ Wind energy production 
➢ High-speed lifters 

2) Modeling approaches 

• Vector Space Decomposition (VSD) 

• Multi-Stator (MS) 

• Decoupled Multi-Stator (DMS) 

3) Torque controllers 

• VSD-based control schemes 
➢ Field-oriented control (FOC) 

• MS-based control schemes 
➢ FOC for permanent magnet synchronous motors (PMSMs) 
➢ Direct flux vector control (DFVC) for induction motors (IMs) 

• DMS-based schemes 
➢ FOC for PMSMs 
➢ DFVC for IM and wound-field synchronous motors (WFSMs) 

4) Experimental results 

• 12-phase IM as quadruple-three-phase (4x3-phase) 
➢ MS-based DFVC 
➢ DMS-based DFVC 

• 9-phase PMSM as triple-three-phase (3x3-phase) 
➢ MS-based FOC 
➢ DMS-based FOC 

• 6-phase WFSM as dual-three-phase (2x3-phase) 
➢ DMS-based DFVC 

5) Future trends and conclusions 

 

 


